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‘THE NEED for a satisfactory substitute for 
the urinary bladder has become increasingly 
important as improvements in surgical tech- 
niques and patient care have made feasible 
more extensive pelvic operations, many of 
which require sacrifice of the bladder to 
afford a reasonable chance of cure or even 
palliation. Advanced cancer of the cervix, 
severe irradiation necrosis with or without 
fistulas, some extensive rectal cancers, some 
cancers of the corpus uteri, and complicating 
situations following pelvic surgery often re- 
quire diversion of the urinary tract or revi- 
sion of a previous diversive arrangement. 
Further, cystectomy in the young required 
for various reasons, such as exstrophy, ur- 
gently calls for the most satisfactory long 
term urinary reservoir. We have found the 
isolated rectal pouch advantageous in some 
cases. It is our purpose to report our experi- 
ence with its use as a substitute bladder and 
to suggest its value and clinical application. 


l'HE PROBLEM OF URINARY DIVERSION 


Of the several problems encountered in 
the reconstructive phase of pelvic procedures, 
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the provision for urinary drainage is the 
major one. Ordinarily, there will be ade- 
quate colon proximally for the construction 
of a simple dry colostomy, which usually 
functions satisfactorily. If the major artery 
to the lower extremity or the nerves are in- 
vaded by cancer, the chance of cure is 
practically nonexistent and extensive surgery 
probably inadvisable. On the basis of our 
experience, rarely if ever is one justified in 
resecting the femoral artery and replacing it 
with a graft. Likely there would be problems 
involved in combining pelvic evisceration 
with some other extensive procedure such as 
hemipelvectomy but we have not had an in- 
stance in which we deemed such a combina- 
tion curative or palliative; however, we 
would not deny that in some special instance 
such a procedure might be justified. But, in 
almost every procedure involving extensive 
pelvic surgery, urinary diversion must be 
considered. Thus, satisfactory urinary drain- 
age remains the major problem. 

A method for the collection of urine when 
the bladder is not available should meet 
several requirements. It should not impair 
renal function or alter body homeostasis 
adversely; it should not add to the discom- 
fort of the patient inordinately; and ideally it 
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should interfere with his everyday life as 
little as possible. 

In general, the methods currently used are 
of twotypes: conduits and reservoirs. Uretero- 
cutaneous fistulas, short segments of ileum 
or colon, and ureterointestinal anastomosis 
proximal to a colostomy all essentially are 
conduits. The reservoirs are: the ileocecal 
pouch, an isolated rectal pouch, and uretero- 
intestinal anastomosis proximal to an intact 
sphincter. The conduits present the problems 
of continuous external drainage and, of 
course, stricture and ascending infection, 
which are common to all methods. The 
reservoirs present the added danger of stasis 
and increased reabsorption of urinary con- 
stituents. One accepts these added risks with 
use of the reservoirs in an attempt to provide 
for the added comfort and happiness of the 
patient. Among the protean problems associ- 
ated with artificial or substitute bladders, the 
principal ones involved in an attempt to 
secure renal homeostasis are: (1) obstruction 
and stasis of urine flow which lead to ascend- 
ing infection, pyelonephritis, and subse- 
quent renal failure, and (2) the development 
of hyperchloremic acidosis. 

Among the predisposing factors that con- 
tribute to uremic complications are: (1) 
renal disease or damage from previous ob- 
struction, (2) ureteral obstruction, (3) back 
pressure and ureteral reflux, (4) ascending 
infection, (5) quantity of absorptive surface 
(size of reservoir) exposed to urine and con- 
sequent selective reabsorption of certain 
urinary constituents, (6) reverse peristalsis 
in the colon with diffusion of urine proximal- 
ly when urine is discharged into a function- 
ing bowel, (7) excretion of electrolytes from 
bowel mucosa and their subsequent washing 
out by urine, (8) admixture of urine and 
feces (enzymatic action), (9) unknown factors 
in electrolyte balance, and (10) possibly 
diet. The parts played by these factors must 
be taken into consideration in the manage- 
ment of urinary diversion. We cannot elim- 
inate the influence of all of these factors and 
must therefore arrive at the best acceptable 
compromise. 
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Stricture is no longer a frequent complica- 
tion when mucosa-to-mucosa_ ureteroin- 
testinal anastomosis is done and when pri- 
mary healing or healing with minimal infec- 
tion about the anastomotic site is afforded 
by the use of antibiotics. Frequently, how- 
ever, patients requiring extensive pelvic 
surgery have had heavy irradiation, which 
may make infection more difficult to control 
and postsurgical cicatrization more marked. 

Reflux of urine into the ureters trans- 
planted above a functioning sphincter is free 
and is aided by the increased pressure within 
the lumen of the bowel. These pressures 
range from 150 to 275 centimeters of water 
in the intact colon whereas they are 10 to 130 
centimeters of water in the urinary bladder. 
Clinical experience has shown that while 
some normal kidneys (Fig. 1) will tolerate 
this insult a kidney damaged to any ap- 
preciable degree will not tolerate the im- 
plantation of its ureter into the intact bowel. 
That the normal kidney has trouble with- 
standing the insult of fecal reflux, increased 
pressures, and infection is indicated by 
reports of incidences of uremic complications 
in 50 to 75 per cent of patients having such 
anastomoses. Ordinarily, with a diseased 
kidney it is only a matter of time until 
pyelonephritis is apparent and uremic com- 
plications ensue. 

Some degree of ascending infection always 
follows any type of urinary tract diversion 
although it may not be clinical and may be 
tolerated. Infection can better be tolerated 
by a kidney in the absence of back pressure, 
the added insult of the reflux of foreign 
material, or marked reabsorption of electro- 
lytes. The urea-splitting organisms favoring 
the reabsorption of ammonia may play a 
part in the uremic complications of ureteral 
transplantation. Whether or not this be- 
comes manifest depends on the liver’s ability 
to detoxify the ammonia absorbed. 

Reabsorption and excretion. The mucosa of 
the colon excretes the potassium ion, and as 
in the renal tubules this excretion is in- 
creased with a metabolic acidosis as occurs 
in hyperchloremia. The intestinal mucosa 
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‘ysorbs sodium chloride and the chloride 
on is bound with ammonia furnished by 
urea-splitting organisms. ‘The state of hyper- 
chloremia can result from reabsorption of 
isotonic sodium chloride alone. Reverse 
peristalsis carries urine to all parts of the 
colon unless the ureters have been trans- 
planted to an isolated segment. ‘This diffusion 
affords a large surface for the reabsorption 
of sodium and chloride as well as the excre- 
tion and washing out of the potassium ion by 
the urine. 

The dietary habits of the individual may 
play an admittedly significant part but one 
which is difficult to evaluate. We have been 
unable to affect consistently the electrolyte 
levels by diet and medications alone. We do 
have 1 patient, a 53 year old white single 
female, who had an anterior pelvic eviscera- 
tion with ureterointestinal anastomosis 1 
year ago, who slips into hyperchloremic 
acidosis on a normal diet but apparently 
responds sharply to small doses of sodium 
bicarbonate; her serum chlorides and carbon 
dioxide combining power have repeatedly 
returned quickly to normal after the addition 
of sodium bicarbonate to her intake. She has 
normal kidneys by intravenous pyelography 
and no symptoms of pyelonephritis. ‘The 
greater factors are probably the ability or 
inability of the individual to adjust to his 
altered environment and _ his particular 
dietary habits. Despite recent advances in 
the knowledge and management of the 
electrolytes there remains a limited basis for 
predicting what will be expected from any 
one individual. 

Hyperchloremic acidosis can occur from 
intestinal reabsorption of urinary constitu- 
ents alone without renal impairment as a 
prerequisite. The loss of the potassium ion 
from the kidney during acidosis and the 
concomitant washing out of the potassium 
ion in excretions from the bowel mucosa 
results in a deficit of total body potassium 
that is not necessarily reflected by the de- 
termination of the serum potassium ion 
concentration. The physiologic fact that 
isotonic sodium chloride is an acid solution 





Fic. 1. This pyelogram taken 3 years after ureterosig- 
moid transplantation shows air in both ureters from the 
intestine. The patient had had no febrile episode to sug- 
gest clinical pyelonephritis during the 3 year period. 


to the internal milieu by approximately 55 
milliequivalents of chloride ions explains the 
hyperhcloremia that initiates the cycle. The 
potassium ion loss by the kidney is a result of 
intracellular replacement of the potassium 
ion by the hydrogen ion in an attempt to 
reduce the extracellular acidosis. ‘These 
factors lead toa hypokalemic hyperchloremic 
acidosis and to renal failure. This situation 
presents a dilemma in treatment since potas- 
sium ion replacement may increase the 
extracellular acidosis and further impair 
renal function and homeostasis. 

Faced with treating hyperchloremic aci- 
dosis one must provide a direct attack on the 
electrolyte imbalance. At the same time one 
must establish free urinary tract drainage 
and preferably separate it from the fecal 
stream. This may be accomplished tem- 
porarily simply by placing a catheter in the 
rectum when the patient has had uretero- 
intestinal transplantation above a function- 
ing sphincter; but as soon as practicable one 
should proceed to provide a permanent 
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Fic. 2. An artist’s drawing shows a rectal bladder with 
a sigmoid colostomy following an anterior pelvic eviscera- 
ticn. 
alteration of the patient’s anatomic setup by 
isolating either the rectum or a short in- 
testinal segment into which the ureters have 
been transplanted. Hyperchloremic acidosis 
has rarely developed after the ureters have 
been transplanted into a short segment of 
either ileum or sigmoid colon, or into a 10 
inch cecal pouch holding 500 or 600 cubic 
centimeters of urine with an ileal segment 6 
inches in length serving as a conduit as 
recommended by Gilchrist (5, 6), or into a 
rectal pouch or bladder. Since the hyper- 
chloremic acidosis is only a part of the 
picture when pyelonephritis and progressive 
renal failure are involved, the treatment 
clearly is not simple and the anticipated 
results are limited. 


RECTAL BLADDER 


The first description of the use of the 
rectum as a substitute bladder is that of 


TABLE I.—CLINICAL COURSE IN PATIENT WITH 
CERVICAL CANCER (CASE 2) 
At operation— 6 months later— 
anterior pelvic division of 


evisceration sigmoid 7 week later At 28 months 


NPN 37 104 36 37 

CO2 21.9 oat 23 22.1 
Cl 101.5 96 109.6 104.9 
Na 140 129 139.3 140.9 
K 4.8 3.3 4.5 4.4 





Asymptomatic at 26 months. 
Died of metastases at 28 months. 
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Mauclaire written approximately 63 years 
ago; others have followed. Kinman reports 
8 cases in which all had a satisfactory post- 
operative course with evidence of electrolyte 
imbalance in only 1 patient who had an 
established pyelonephritis prior to surgery 
and exhibited subsequently subclinical hy- 
perchloremia. Paull reports 5 cases with no 
instances of pyelonephritis or electrolyte 
imbalance. Similar cases have been reported 
by Brunschwig (3), Levitsky, Johnson, and 
Lowsley. 


TECHNIQUE 


The technique of constructing a rectal 
bladder (Fig. 2) is perhaps the most simple 
of any of the substitute bladders. After the 
surgical specimen including the bladder has 
been removed, the ureters fall easily along 
the lateral wall of the rectum or rectosig- 
moid for implantation. There is apparently 
minimal danger of kinking and stricture 
subsequently. Essentially a mucosa-to-mu- 
cosa technique is used as illustrated in a 
previous communication (14). The rectosig- 
moid is divided immediately above the site 
of implantation and closed. The proximal 
end of the bowel is probably better brought 
out through a stab wound in the left lower 
quadrant as a dry colostomy. 

Generally reperitonealization of the pelvis 
is impossible but occasionally the peritoneum 
overlying the bladder can be preserved and 
used to provide closure. However, it should 
be remembered that poor reperitonealiza- 
tion may be worse than none at all. In 
instances in which closure has been at- 
tempted, the impression has been that 
probably some of the peritoneum was too 
thin and weak to hold and that it sloughed 
in part. Our efforts may have served, never- 
theless, to minimize and to help localize 
peritonitis within the pelvis. 

Catheter drainage of the rectal bladder 
without suction is provided for the rectal 
pouch for 10 to 14 days to prevent distention 
or back pressure. The catheter must be 
changed frequently or irrigated with small 
amounts of sterile solution to remove the 
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lood clots and the thick mucus, which is 
often produced in copious amounts. During 
ihe immediate postoperative period and for 
an indefinite time either sulfonamides or 
urinary antibiotics are used. We are guided 
by the status of the kidneys and the apparent 
speed of healing. If there has been damage to 
a kidney we are inclined to use one of these 
agents for a much longer period. 

Although most patients can tolerate not 
only the necessary pelvic surgery but what- 
ever reconstructive procedure may be con- 
templated, instances do arise when the pa- 
tient is not doing well and when it has been 
difficult to keep the blood pressure up. In 
such an instance, once the ureters have been 
transplanted to the rectum one can simply 
bring out through a stab wound the lowest 
loop of sigmoid colon over a glass rod (Fig. 
3) and close the abdominal wound prompt- 
ly. At a later date this loop of sigmoid can be 
divided to provide the proximal dry colos- 
tomy and the distal end closed to complete 
the formation of a urinary bladder. A ma- 
neuver such as this is not possible with the 
other types of bladders which one might 
wish to construct. The possibility of com- 
pleting the procedure in this sequence is a 
distinct advantage. 


EXPERIENCE 


Our first use of the rectal bladder came 
about more from necessity in managing 
patients in whom hyperchloremia had de- 
veloped after ureterointestinal transplanta- 
tion. Because of their generally precarious 
physical condition, the simplest possible 
means of management had to be selected, 
and it proved to be division of the colon just 
superior to the site of implantation of the 
ureters with closure and bringing out the 
proximal end of colon as a dry colostomy. 
Dramatic and satisfactory management of 
the acute situation was obtained. One pa- 
tient (Case 2, Table I) lived 22 months 
following isolation of the rectal bladder 
without symptoms referable to the genito- 
urinary tract and died from dissemination 
of the disease; another died a year and a 
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Fic. 3, The drawing indicates schematically how the 
operation may be most rapidly terminated following 
anterior pelvic evisceration. 


half later from causes not established but 
because of either disease or progressive 
renal damage. Both of these patients were 
quite comfortable and active for 18 months. 
Smith presents instances also of correction of 
hyperchloremic acidosis following uretero- 
intestinal anastomosis by creating a proximal 
colostomy and closing the distal rectosig- 
moid. 

Since this approach, which reduces back 
pressure and the absorptive area and mini- 
mizes or eliminates infection, seemed satis- 
factory as a therapeutic procedure, it oc- 
curred to us that it offered definite advan- 
tages as an approach to the initial manage- 
ment of urinary diversion in instances in 
which the rectum could be preserved pro- 
vided that there did not prove to be undue 
reabsorption of electrolytes from the rectal 
pouch. It seemed to us that it otherwise 
offered the advantages of voluntary control, 
the possible elimination of infection, and the 
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CLINICAL COURSE IN PATIENT WITH EPIDERMOID CERVICAL CARCINOMA (CASE 3) AND 


WITH DIAGNOSIS OF UREMIA AND HYDRONEPHROSIS 


3 weeks later 


Rectal bladder 
constructed 


At 7 weeks 


Procedure 


Condition Urinary control Acute 
good pyelonephritis 

NPN 94 22 

CO, 18.6 26.7 

Cl 93.6 100 

Na 128.6 140 

K 6.0 4.2 


elimination of the necessity for wearing a 
bag. 

Smith and Hinman evaluated the voiding 
pressure, volume, and sterility of rectal 
bladders. They recorded rectal pressures of 
20 to 35 centimeters of water as compared 
with 150 to 275 centimeters of water in the 
intact bowel. The bladder capacities aver- 
aged approximately 250 cubic centimeters. 
Both Smith and Boyce (1, 2) were able to 
sterilize the rectal urine in some cases even 
after a previously established pyelonephritis 
but were able to do this more readily in 
patients with normal kidneys. 

We saw in the rectal bladder a means of 
easily and readily changing a situation 
which the patient could not tolerate follow- 
ing transplantation of the ureters into a 
functioning bowel. Of course, one is tempted 
to transplant the ureters to a functioning 
bowel because a patient with such a setup 
can live an almost normal life. The dangers 
of such a setup are readily admitted. Since 
it is not possible to determine which patients 
will tolerate this setup, if it is used these 
patients must be watched closely, and if 
necessary a satisfactory correction must be 
provided. Brunschwig and Daniel (4) have 
shown that a number of patients tolerate 
ureterointestinal anastomosis indefinitely. 
We have patients who have tolerated ure- 
terointestinal transplantation 5 years with- 
out episodes of pyelonephritis and with 
normal electrolytes and intravenous pyelo- 
grams. We still perform ureterointestinal 
anastomosis in patients with normal kidneys 
under certain circumstances. The inherent 


Left nephrectomy 


At 10% weeks 
Anterior pelvic 
evisceration 


At 2 years 


— Satisfactory renal 


function 
23 31 
33.1 22.4 
93.1 102.4 
136.6 134.4 
-- 4.3 


dangers involved are explained to these 
patients as well as the advantages to them if 
the arrangement can be tolerated. They are 
examined at frequent intervals with elec- 
trolyte studies and pyelograms. If they have 
episodes of pyelonephritis or if the electro- 
lytes remain out of balance persistently, the 
rectal pouch is isolated and a dry colostomy 
provided. Such a patient will have some 
kidney damage but it is hoped that the 
situation will have been corrected before this 
damage is severe. Admittedly in such a 
situation it would have been preferable to 
have provided an isolated rectal pouch 
initially. 

We do not now transplant a ureter of a 
kidney damaged to any known degree above 
a functioning sphincter because of the over- 
whelming probability that that kidney will 
develop increasingly severe pyelonephritis 
and be lost. It did seem that if such a 
ureter could be transplanted to an isolated 
rectal pouch and infection within the pouch 
could be controlled the kidney would be 
given the best opportunity to adjust, im- 
prove, and survive. The third patient (Table 
II) had advanced cancer with bilateral 
hydronephrosis when first seen and _ pre- 
sented symptoms of acute pyelonephritis. 
Although a rectal bladder was constructed 
almost immediately, the pyelonephritis on 
the left did not subside but became so acute 
that nephrectomy was indicated. The right 
kidney (Fig. 4), however, apparently im- 
proved and provided adequate function. 
After 7 weeks the definitive anterior pelvic 
evisceration was completed. The patient 
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Fic. 4. Serial pyelograms in Case 3 show: a, no visualization of the upper genitourinary tract 
by intravenous study at the beginning of treatment, and, b, considerable hydronephrosis of the right 
kidney by retrograde pyelography. c, Two years after construction of the rectal bladder and left ne- 
phrectomy another intravenous study indicates good function with ectasia and possibly some hyper- 
trophy. 


tolerated surgery and gradually improved. 


Two years later she was living a normal life. 


If hydronephrosis is established there is 
no definite way of determining whether 
or not the kidney may recover if adequate 
free drainage without infection can be pro- 
vided. Such a kidney would not ordinarily 
be removed unless there was evidence of 
acute pyelonephritis. Such a ureter would 
be transplanted to a rectal, ileal, sigmoid, 
or ileocecal bladder and a chance to re- 
cover would be given it. In Case 6 (Table 
III) there was hydronephrosis on the left 
and both ureters were transplanted to the 
rectal bladder. Three months after surgery 
there had been definite evidence of re- 
covery of the left kidney (Fig. 5). Case 5 
(Table IV) represents another instance in 
which there was evidence of renal damage; 
to avoid the risk of ureterointestinal trans- 
plantation a rectal bladder and a dry 
colostomy were provided. While there has 
been no evidence of hyperchloremic acidosis 
or pyelonephritis, there has also been no 
evidence of return of function in the dam- 
aged kidney. Here, then, is an example of a 


nonfunctioning kidney being drained into 
a rectal bladder without clinical evidence 
of infection ensuing: 

Continence of rectal bladders. Most patients 
with rectal bladders do control the urine 
fairly well, particularly during waking 
hours; but at night the majority of these 
patients have difficulty with slight leakage. 
Most of them learn to limit their fluids 
after late afternoon. Some get up regularly 
once or twice a night in order to avoid 
leaking small amounts. The greater dif- 
ficulty which some have may possibly be 
explained on the basis of more extensive 
surgery within the abdomen, although we 
have not been able to correlate function 
with the extent of the abdominal procedure, 
which in general is fairly constant. Some 
patients have been helped by the long- 
acting antispasmodic drugs taken in the 
early evening. Occasionally, a patient will 
have such difficulty that he or she will 
want to insert a catheter at bedtime into 
the rectum so that there will be free and 
constant drainage throughout the night. 
This manipulation does, of course, introduce 
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Fic. 5. This intravenous pyelogram shows the left kid- 
ney, which was nonfunctioning at the time of surgery, to 
be contracted but to have regained some function in 3 
months. 


a greater danger of infection. Some reports 
of rectal bladders rather lightly describe 
‘perfect function.””> We cannot claim per- 
fect function in our patients and must ac- 
cept with definite reservations the reports 
of others. 

We have not used the arrangement as 
described by Lowsley and Johnson (7, 10). 
They isolate the rectum and bring the 
proximal colon down through the anal 
sphincter, which then serves to control both 
the stool and the urine (Fig. 6). This ar- 
rangement indeed is an enticing one if it 
functions as well as the authors report; 
but we cannot see how it could be expected 
to function as well or more consistently 
with satisfaction than the usual “‘pulled- 
through” colon, which all too often behaves 


TABLE III.—CLINICAL COURSE IN PATIENT WITH 
POSTIRRADIATION RECURRENT EPIDERMOID 
CARCINOMA (CASE 6) 


At time of operation— 

anterior pelvic eviscera- 

tion and rectal bladder 
construction 


3 months later— 
good sphincter control 
Renal status... . 


.. Nonfunctioning left Some recovery of left 


kidney kidney 
| te eee 28 39 
Coe nea _ 28.9 
_& Ae ear ee — 108.1 
| See oe ie — 142.4 
Eivanashsesknuni _ 4.1 








with little more aplomb than a perineal 
colostomy. It probably does work bette 
in males than in females. Certainly our 
experience with rectal bladders, almost ex- 
clusively in multiparous females, indicates 
that the anal sphincter in the female 
perineum is weaker and thus less reliable 
than in the male. 

Our studies of pressures within the rectum 
and the rectal bladders and the capacities 
coincide closely with those of other in- 
vestigators. We are continuing to study our 
patients closely as to function with intra- 
venous pyelograms and as to electrolytic 
balance. We watch all of them carefully for 
pyelonephritis. While they are not main- 
tained indefinitely on either antibiotics or 
chemotherapeutic drugs, these drugs are 
used in the initial period until the pouch 
is thought to have become relatively sterile, 
which means until well after healing is 
believed complete. 


CASE REPORTS 


Case 1. C. H., a 67 year old white man, had a total 
cystectomy for carcinoma with transplantation of the 
ureters to the rectosigmoid. He was feeble and not in 
good condition. He tolerated the operation poorly and 
might not have withstood the added burden that 
would have been imposed by the construction of an 
ileocecal or ileal bladder. He recovered from the 
operation gradually but did not gain strength readily. 
During the following 6 months the course was down- 
hill and he was readmitted in extreme uremic acidosis. 
After his general condition was considerably improved 
by correcting the electrolytes and establishing con- 
stant rectal drainage with a large catheter, the sig- 
moid colon was divided to provide a dry terminal sig- 
moid colostomy and an isolated rectal bladder. One 
week later electrolytes were almost normal. The pa- 
tient survived 18 months. He was comfortable and 
was active about the house and the yard, performing 
the activities that a man of his age who had retired 
might perform. His nonprotein nitrogen remained 
slightly elevated and carbon dioxide combining power 
slightly decreased. His downhill course was precipitous 
and he was not observed during this period. The at- 
tending physician believed that he died from uremia, 
which could well have been due to recurrent disease 
with obstruction or to progressive pyelonephritis. It 
was our impression that he did not have significant 
fever to indicate acute pyelonephritis. Attempts to in- 
fluence this patient’s hyperchloremic acidosis with 
sodium bicarbonate by mouth failed. 
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If this patient did have progressive pyelo- 
nephritis and renal damage it could have 
been aggravated by his use of a catheter for 
drainage of his rectum at night. However, 
the catheter enabled him to sleep the night 
through for the first time in 30 years. 

It is quite likely that this patient would 
not have tolerated more extensive surgery. 
In retrospect it probably would have been 
better had a rectal bladder been constructed 
initially and the use of a rectal catheter at 
night been avoided. 


Case 2. I. B., a 68 year old white, gravida 2, para 
2 (Table I), was first found to have carcinoma of the 
cervix 9 years before she was referred for treatment 
with a diagnosis of recurrent squamous carcinoma. 
Clinically there seemed to be no question but that the 
disease involved the base of the bladder and nothing 
less than anterior pelvic evisceration would offer any 
chance of cure. We elected to transplant the ureters to 
the colon and watch her carefully for complications. 
The surgical specimen showed extension of the carci- 
noma to the uterus, the surface of the bladder, the 
left ovary, and the right hypogastric lymph nodes. 

Within 6 months uremia and acidosis developed, 
which were relieved by isolating a rectal bladder and 
providing a dry sigmoid colostomy. She lived com- 
fortably for 18 months and died 22 months later from 
mediastinal metastatic disease without developing 
evidence of renal damage. 


This case history illustrates satisfactory 
management of uremia and acidosis fol- 
lowing ureterointestinal anastomosis. In 
retrospect this patient would have been 
better served by having had a rectal bladder 
initially. 


Case 3. B. A., a 40 year old white female, gravida 
1, para 1 (1940), was found in September of 1956 to 
have epidermoid carcinoma of the cervix, staged as 
League of Nations III. She was having mild symptoms 
of fever and nausea at the time she was seen. After 
biopsy was obtained x-ray therapy was begun. The 
patient’s symptoms became more severe and con- 
sultation was requested. There was no visualization of 
the upper genitourinary tract by intravenous pyelog- 
raphy. A rectal bladder was immediately constructed 
but after 34 weeks the pyelonephritis on the left be- 
came acute and left nephrectomy was done. Her con- 
dition improved and 3! weeks later an anterior pelvic 
evisceration was completed. Healing and convales- 
cence were prolonged but the patient gradually re- 
gained strength and 2 years later was living a normal 
life. The right kidney continued to show ectasia but 
some of the enlargement was considered to be hyper- 
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Sphincter 


Fic. 6. An artist’s drawing of an isolated rectal bladder 
with the sigmoid colon “‘pulled-through” the anal sphinc- 
ter. This is the type of procedure described by Lowsley 
and Johnson. 


trophy. She had had no definite evidence of pyelo- 
nephritis and her serum electrolytes were normal 
(Table II, Fig. 4). 

Pyelonephritis on the left did not im- 
prove after construction of a rectal bladder 
but the hydronephrotic right kidney did 
regain its function and pyelonephritis did 
not develop. 


Case 4. H. C., a 41 year old white female, was 
first seen in November of 1956, when a diagnosis of 


TABLE IV.—CLINICAL COURSE IN PATIENT WITH 
RECURRENT EPIDERMOID CERVICAL CARCI- 
NOMA (CASE 5) 


3 months after operation 
. Asymptomatic, afebrile. 
Sphincter control good 


5 


PODER elena ia) : Latw ote waters 30 
OG ota wes cie ss 19.9 
Gio aeons He ayer ocra a Waaiee Aven aaa naweums 107.9 
PUN ohne ycnsetadcidvansnceueseueranasens 147.7 
| eran eee 3.9 


Operation consisted of anterior pelvic evisceration and rectal blad- 
der construction. 
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TABLE V.—SUMMARY OF CASES AND RESULTS WITH RECTAL BLADDERS 


Case 1 


Case 2 





Case 3 Case 4 Case 5 Case 6 
Patient C. H. t. 8B. B. A. H.C. M. G. W. J. 
Age, yrs. 67 67 40 41 54 46 
Sex M F F F F F 
Date 7-13-56 10-1-56 10-19-56 11-29-56 2-5-58 8-21-58 
Diagnosis Ca. bladder Ca. cervix Ca. cervix Ca. cervix Ca. cervix Ca. cervix 
Risk Poor Fair Poor Fair Good Good 
Reason for procedure Uremia after Uremia after Bilat. hydrone- Nonfunctioning Nonfunctioning Nonfunctioning 
ureterointes. ureterointes. phrosis and rt. kidney It. kidney It. kidney 
anastomosis anastomosis pyelonephritis 
Sphincter control Fair Good Good Fair Good Good 
Electrolytes Good (?) Good Good Satisfactory Satisfactory Good 
Pyelonephritis (?) Possibly due No Yes—left Yes—due to re- No No 
to disease nephrectomy current dis- 
No—right ease 
Result Died 15 mos. Died 28 mos. of LL. and W.2 yrs. Died 4 mos. of | L. and W. L. and W. 3 
probably due disease good renal recurrent 9 mos. mos, 
to disease function disease 
Evaluation of procedure Good palliation Excellent pallia- Good. Rt. kid- Function of rt. Lt. kidney Excellent. 
tion ney survived kidney re- tolerated Some recov. 
covered ureterorec, It. kidney 
anastomosis 


epidermoid carcinoma, grade II, League of Nations 
stage III was made. The right kidney was found to be 
nonfunctioning by intravenous pyelography. An- 
terior pelvic evisceration was completed. Because of 
great difficulty in maintaining the patient’s blood 
pressure despite a minimal loss of blood and adequate 
blood replacement, it was decided to complete the 
procedure as quickly as possible. As soon as the 
ureters were transplanted into the upper rectum a 
loop of sigmoid was brought out over a glass rod (Fig. 
3) and the abdomen closed promptly. As soon as the 
loop of sigmoid colon was opened urine came from the 
distal loop despite the fact that a large rectal catheter 
was left in place. Subsequently the distal loop was 
closed but additional symptoms had already developed 
and it was shortly proved that she had massive and 
widespread recurrent cancer. Fistulas and pyelo- 
nephritis developed and she died between 4 and 5 
months after surgery. 

Because of the rapid recurrence of disease 
this patient did not provide a satisfactory 
basis for a definitive evaluation of a rectal 
bladder. The right kidney, which was non- 
functioning at the time of surgery, did show 
only ‘“‘mild hydronephrosis of the right kid- 
ney and right hydroureter”’ 3 months later. 
During the procedure it was demonstrated 
how quickly and satisfactorily the procedure 
can be terminated when the patient is not 
doing well. 


Case 5. M. G., a white multiparous female of 55 
(Table IV), was first seen on January 24, 1958 with a 


diagnosis of recurrent epidermoid carcinoma, grade 
III, League of Nations stage III or IV. The original 
diagnosis was made in March of 1957 following which 
irradiation therapy was given. Intravenous pyelog- 
raphy showed nonvisualization of the left kidney. 

Because of the damage to the left kidney it was 
elected to construct a rectal bladder initially and a 
dry sigmoid colostomy. Her postoperative course was 
unusually benign. Three months later the left kidney 
did not show function. Her rectal control was only fair 
apparently because of a weak sphincter. The elec- 
trolytes indicate only borderline changes. 


Although the left kidney failed to regain 
function, clinical infection did not develop 
after its ureter was transplanted to a rectal 


bladder. 


Case 6. W. J., a 46 year old white female (Table 
III), was first seen in October of 1955 when a diag- 
nosis of squamous cell carcinoma of the cervix, grade 
II, was made. It was elected to treat her with irradia- 
tion. There appeared to be a regression of the tumor 
but she had symptoms due to irradiation changes in 
the rectum. In August of 1958 she was found to have 
recurrent disease and a nonfunctioning left kidney. An 
anterior pelvic evisceration was performed and the 
ureters were transplanted to an isolated rectal seg- 
ment. The patient’s postoperative course was satis- 
factory. Three months after surgery the left kidney 
had recovered some function (Fig. 5), the serum 
electrolytes were normal, and there had been no 
clinical pyelonephritis. The control of the rectum was 
considered fair and had improved with a long-acting 
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ai uspasmodic drug. There had been occasional dis- 
comfort and slight bleeding from the area of irradia- 
tion change in the rectum. 


This case illustrates again that a blocked 
kidney can be satisfactorily drained into 
a rectal bladder not only without the 
development of pyelonephritis but with the 
return of some function. 


RESULTS AND DISCUSSION 


Our experience with rectal bladders now 
includes 6 patients summarized in Table V. 

Patient C. H. was a fat and fragile elderly 
male who tolerated cystectomy and uretero- 
intestinal transplantation poorly. Had he 
been subjected to the longer procedure 
necessary to construct an ileal or ileocecal 
bladder, we believe his status would have 
been precarious. When he subsequently 
became uremic, we elected to isolate the 
rectum and his response was dramatic. When 
he died after some 18 months, while there 
was indication of renal embarrassment an 
autopsy was not obtained and it could not 
be established whether his demise was due to 
recurrent disease which in turn may have 
aggravated his renal status. ‘The question 
which his clinical course poses is whether 
or not he might have been better served 
with the initial construction of a rectal 
bladder and a dry colostomy; the answer 
would seem to be in the affirmative. 

Patient H. C. was a fair risk but tolerated 
surgery extremely poorly. It was with great 
difficulty that her blood pressure was main- 
tained despite the fact that blood loss was 
not excessive. It was considered expedient 
to complete the procedure as soon as pos- 
sible and this was done by bringing out a 
loop of sigmoid colon over a glass rod. At a 
subsequent date it was divided to isolate 
completely the rectal bladder. However, 
her recurrent disease was rapid and wide- 
spread, precluding any real contention that 
she was benefited. The right kidney did 
regain some function. Bringing out the 
sigmoid colon as a loop colostomy appeared 
to have merit. 

We hesitate to characterize the sphincter 
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control in any of our patients as excellent 
since some do leak occasionally and most 
of them must wear a pad at night. But 
we do believe that their control is satis- 
factory. It is excellent during the day when 
they are up and about and only fair to 
good at night. 

As best we can tell from this experience 
no significant electrolyte imbalance has 
resulted from rectal bladders in our pa- 
tients. Certainly there will be some derange- 
ments but we believe that they will be of 
a minor nature. 

It is encouraging that in this series of 
patients no clinical pyelonephritis has de- 
veloped after the construction of a rectal 
bladder. In patient B. A. pyelonephritis was 
already present on the left and did increase 
to necessitate nephrectomy. However, in 
the right kidney, which was hydronephrotic, 
pyelonephritis did not develop. In patient 
H. C. pyelonephritis did develop but she 
had widespread recurrent disease with mul- 
tiple fistulas to contribute to the production 
of this complication. 


CONCLUSIONS 


The rectal bladder represents another 
method of urinary diversion which, with 
the exception of the need for a dry colostomy, 
has no more disadvantages than the short 
segment substitutes draining to the skin and 
has certain advantages over them. With 
its simple construction it has technical ad- 
vantages in application; it serves as a 
satisfactory reservoir with low intraluminal 
pressure and under voluntary control; it 
can be kept sterile; it does not require the 
wearing of a bag; and it is the simplest 
means of treating hyperchloremic acidosis 
and uremia in a patient who has already 
had ureterointestinal anastomosis. We be- 
lieve that our plan to continue using the 
rectal bladder in suitable instances and 
evaluating its merit is well justified. 
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PATHOLOGIC FRACTURES OF THE HIP 


MIHRAN O. TACHDJIAN, M.D., Fort Knox, Kentucky, CLINTON L. COMPERE, M.D., 


F.A.C.S., Chicago, Illinois, and PHILIP H. DAVIS, M.D., Burlington, Vermont 


A FRACTURE through an area of abnormal 
bone with a history of minimal or no trauma 
is defined as a pathologic fracture. The 
change in the bone structure may be pro- 
duced by a congenital error of development, 
or by an inflammatory, metabolic, or neo- 
plastic process. The neoplastic bone lesion 
may be of benign, primary malignant, or 
secondary malignant nature. The majority 
of the pathologic fractures are through areas 
of metastatic bone involvement. In the past, 
because of the hopeless prognosis, treatment 
has usually been expectant neglect with en- 
forced bed rest and narcotic analgesia. 

The management of pathologic fractures 
of the hip presents a challenging problem 
to the orthopedic surgeon. This article 
purports to present a series of 32 pathologic 
hip fractures in 30 patients and to emphasize 
that each case deserves individual con- 
sideration to attain the primary goals of re- 
duction of pain, early mobilization of the 
patient with simplification of nursing care, 
maintenance of physiologic balances, and 
the facilitation of specific therapy for the 
primary or secondary lesions. ‘The economic 
saving is often of great importance. 

Upon survey of the medical records of the 
Chicago Wesley Memorial Hospital, a total 
of 30 patients with 32 pathologic fractures 
of the hip were found for study. These were 
private patients of 7 senior attending ortho- 
pedic surgeons. 


PART I. PATHOLOGIC FRACTURES DUE TO 
METASTATIC CARCINOMA 


Metastatic carcinoma was the most com- 
mon cause of pathologic fractures of the 
hip. It was observed in 19 of the 30 patients 
13.3 per cent). 


From the Departments of Orthopedic Surgery of North- 
western University Medical School, and Chicago Wesley 
\emorial Hospital, Chicago. 


/ 
{ 


Osteolytic metastatic lesions were more 
frequently the site of pathologic fractures. 
In 13 patients, the primary lesion was in 
the breast; in 2 hypernephroma of the 
kidney; in 2 other patients, bronchogenic 
carcinoma; in 1 patient, carcinoma of the 
stomach; and in 1 patient, carcinoma of the 
prostate. 

Sixteen of the patients were females and 3 
were males. The youngest patient was 46 
years old and the eldest 70 years. ‘The aver- 
age age was 58 years. 

Five of the fractures were in the femoral 
neck, 7 were intertrochanteric, 6 were sub- 
trochanteric, and 1 (Case 14, R. S.) was 
both subcapital and subtrochanteric. 
TREATMENT, RESULTS, AND DISCUSSION 

With modern advances in fracture treat- 
ment, including nailing, pinning, the use 
of blade plates, and primary prosthetic re- 
placement of the femoral head, the thera- 
peutic approach to pathologic fractures of 
the hip has become more aggressive and 
surgical. In the past, the general trend has 
been a_ shoulder-shrugging attitude be- 
cause of the fatal prognosis of these pa- 
tients. When a pathologic fracture of the 
hip occurred, the patient was confined to 
bed and treated in traction, cumbersome 
casts, or sandbag support. The suffering of 
the patient usually increased, decubitus 
ulcers, hypostatic pneumonia, and urinary 
tract infection followed, nursing care be- 
came difficult, and in some instances defini- 
tive care of the underlying disease was im- 
paired. 

The primary aims of treatment should 
be reduction of pain, early ambulation or 
mobilization, and shortening of the neces- 
sary hospitalization. Each patient must 
receive individual evaluation. 
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TABLE I.—METASTATIC CARCINOMA 





Case Age, Hip in- Anatomic 
No. prs. Sex volved stile 

1 57 F Right Subtrochanteric 
LA. 

2 60 F Left Neck 
A.M 

3 64 F Left Intertrochanteric 
E.K, 

4 70 F Right Neck 
M.S 

5 65 F Left Intertrochanteric 
E.A. 

6 46 F Right Intertrochanteric 
M.K. 

7 61 F Right Intertrochanteric 
D.A. 

8 65 F Left Neck 
B.H. 

9 68 F Left Intertrochanteric 
S.H. 
10 52 F Left Subtrochanteric 
M.P. 
11 46 F Left Neck 
A.G. 
12 48 F Left Neck 
F.S, 
13 60 F Right Subtrochanteric 
G.M. 
14 46 F Left Subcapital and 
R.S subtrochanteric 
15 48 M Right Subtrochanteric 
rj. 
16 61 M Left Intertrochanteric 
G.P. 
17 67 F Left Subtrochanteric 
V.S 
18 58 F Left Subtrochanteric 
C.B. 
19 60 M Right Intertrochanteric 


Pathologic 
fractures at Treatment 
other sites received 


__BREAST, PRIMARY 





Follow-up 
and result 





Skin traction for 3 mos. 


Spine Skin traction for 


6 weeks 
Spine and ribs Bed rest, as very 
terminal 
Skin traction and bed 
rest, as very terminal 
Fracture undisplaced. 
Bed rest and up in 
wheel chair 


Spine 


Surgical neck of 
right humerus, 
left pubis, ribs, 
and pelvis 

Spine Skin traction 

Spine and ribs Skeletal traction 
through distal 
femur 


Spine and right 
humerus 


Skin traction for 24% 
mos. 


Skin traction, as 
terminal 


Spine Well-leg traction 


Stabilization of left 
hip with a long 
McLaughlin nail 
into head and neck 
of femur into ilium 

Excision of femoral 
head and replace- 
ment with Moore 
prosthesis 

Intramedullary nail- 
ing and screws 


Spine 


Spine 


—KIDNEY, PRIMARY (HYPERNEPHROMA) ae 


—_—CARCINOMA OF THE STOMACH, PRIMARY____— 


——CARCINOMA OF THE PROSTATE, PRIMARY___— 


“ —___—BRONCHOGENIC CARCINOMA____ 


Well-leg traction 
Prophylactic nailing 
and plating 


Skin traction 


Blound blade and 
plate 


McLaughlin nail and 


plate 


Only bed rest. Very 
terminal 


Neck of right 
humerus 


Fracture healed in 3 mos, 
Full weight-bearing in 5 
mos. Expired 1 yr. post- 
fracture 

Nonunion. Up in_ wheel 
chair with comfort. Living 
6 mos. postfracture 

Living 6 wks. postfracture 


Nonunion. Expired 11 mos. 
postfracture 

Nonunion. Expired 8 mos, 
postfracture of left hip 


Nonunion. Expired in 3 mos. 


Fracture healed in 3 mos. 
1 yr. later, fracture 
through subtrochanteric 
region of same hip. Ex- 
pired in about 2 wks. 

Fracture healed in 3 mos. 
Full weight bearing in 6 
mos. Lived 6 yrs. post- 
fracture 

Living 1 mo. postfracture. 
No evidence of callus for- 
mation. Comfortable in 
bed 

Healing of fracture in 6 mos. 
Expired 3 mos. postfrac- 
ture 

No union. Nail broke 
through lateral cortex of 
shaft and trochanter of 
femur. Expired 14 mos. 
postfracture 

Walking with a cane with 
minimal discomfort 


Up walking with crutches in 
4 wks. Expired 1 yr. post- 
fracture 





Expired 8 wks. postfracture. 
Comfortable up in wheel 
chair 

Walking with aid of crutches. 
No union. Expired 11 
mos. postfracture 


Expired in 3 wks. 


Up walking with minimal 
weight-bearing. Expired 
in 6 mos. 

Ambulatory in a few days. 
Expired 2 mos. postfrac- 
ture 


Expired in a few days of ex- 
tensive metastases 
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Fic. 1. Case 1. a, Transverse subtrochanteric pathologic fracture of right femur and metastases 
to the pubis and ischium. b and c, Marked improvement in position of the fracture resulted with 
skin traction. d, Unusual healing of the fracture 614 months later. There has been spread of tumor, 
both proximally and distally from the fracture, and it is probable that tumor ossification has con- 


tributed to the fracture healing. 


In this series of patients both conserva- 
tive and operative treatments were used. 
Conservative treatment consisted of: (1) 
bed rest only, in terminal patients in whom 
fracture fragments were displaced slightly 
or impacted (3 patients); (2) skin traction, 
method of Buck or Russell (7 patients); (3) 
skeletal traction through the distal portion 
of the femur (1 patient); (4) well-leg trac- 
tion (2 patients). Operative treatment con- 
sisted of: (1) prophylactic nailing and 
plating (1 patient); (2) nailing and plating 
(3 patients); (3) primary replacement pros- 
thesis of femoral head (1 patient); (4) in- 
sertion of a long McLaughlin nail through 
the trochanter and neck and head of femur 
into the thickened portion of the ilium 
above the acetabulum (1 patient). 

Only 3 of the 11 patients who were con- 
sidered to be terminal cases and were 
treated by skin traction and bed rest died 
within 1 month. Seven of the 11 patients 
lived 3 months to 1 year postfracture. One 
of the 11 patients (B. H.) lived 6 years post- 
fracture and 17 years after radical mas- 
tectomy. 

It is quite obvious that accurate deter- 
mination of a particular patient’s expected 
life span is impossible. A more aggressive 
approach to these “terminal” patients 
would have spared them time in bed and 
eased the associated nursing problems. 

Well-leg traction is indicated in the treat- 
ment of those patients whose hips are so 


destroyed by the metastatic lesions that 
internal fixation or primary replacement 
prosthesis is not feasible, and in patients 
who are almost terminal and cannot toler- 
ate a major surgical procedure. It should be 
applied with heavy Steinmann pins through 
both distal femurs, and the pins should be 
incorporated in the casts. It relieves pain, 
allows early use of wheel chair, and permits 
simple home nursing care. This method 
affords adequate immobilization for inter- 
trochanteric and subtrochanteric fractures; 
the patient is surprisingly active and com- 
fortable, and the fractures often heal in very 
satisfactory position. 

Operative treatment has its limitations 
and risks. The general condition of the 
patient should permit a major surgical 
procedure. These patients are debilitated 
by the neoplastic process and some have 
had adrenalectomy or hypophysectomy. 
The danger of distant spread of tumors by 
direct or embolic means is another theory 
given against surgery. This is, however, a 
very weak argument for this group of pa- 
tients. Improper immobilization of fracture 
fragments and continuous opening of blood 
spaces invites spread of tumor cells and is 
equally hazardous. Nitrogen mustard has 
been used recently to prevent spread of live 
tumor cells during and after cancer sur- 
gery. It is certainly of value for palliation of 
pain and when properly administered, the 
toxicity has not been serious. 
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TABLE I.—METASTATIC CARCINOMA 





Case Age, Hip in- Anatomic 
No. yrs. Sex volved sile 

1 57 F Right Subtrochanteric 
1.A. 

2 60 F Left Neck 
A.M, 

3 64 F Left Intertrochanteric 
E.K, 

4 70 F Right Neck 
M.S 

5 65 F Left Intertrochanteric 
E.A. 

6 46 F Right Intertrochanteric 
M.K. 

cf 61 F Right Intertrochanteric 
D.A 

8 65 F Left Neck 
B.H, 

9 68 F Left Intertrochanteric 
S.H. 
10 52 F Left Subtrochanteric 
M.P. 
11 46 F Left Neck 
A.G, 
12 48 F Left Neck 
F.S, 
13 60 F Right Subtrochanteric 
G.M. 
14 46 F Left Subcapital and 
R.S. subtrochanteric 
15 48 M Right Subtrochanteric 
BE 
16 61 M Left Intertrochanteric 
G.P. 
17 67 F Left Subtrochanteric 
V.S 

18 58 F Left Subtrochanteric 
C.B. 
19 60 M Right Intertrochanteric 


KIDNEY, PRIMARY (HYPERNEPHROMA) 





Pathologic 
Jractures at 
other sites 


Spine 


Spine and ribs 

Spine 

Surgical neck of 
right humerus, 
left pubis, ribs, 
and pelvis 


Spine 


Spine and ribs 


Spine and right 
humerus 


Spine 


Spine 


Spine 


_BREAST, PRIMARY 


Treatment 
received 





Follow-up 
and result 





Skin traction for 3 mos. 


Skin traction for 
6 weeks 


Bed rest, as very 
terminal 

Skin traction and bed 
rest, as very terminal 

Fracture undisplaced. 
Bed rest and up in 
wheel chair 


Skin traction 


Skeletal traction 
through distal 
femur 


Skin traction for 24% 
mos. 


Skin traction, as 
terminal 


Well-leg traction 


Stabilization of left 
hip with a long 
McLaughlin nail 
into head and neck 
of femur into ilium 

Excision of femoral 
head and replace- 
ment with Moore 
prosthesis 

Intramedullary nail- 
ing and screws 


Well-leg traction 


Prophylactic nailing 
and plating 


— —_—__—_—BRONCHOGENIC CARCINOMA______ 


——CARCINOMA OF THE STOMACH, PRIMARY___— 


__CARCINOMA OF THE PROSTATE, PRIMARY_____ 
Neck of right 
humerus 


Skin traction 


Blound blade and 
plate 


McLaughlin nail and 
plate 


Only bed rest. Very 
terminal 





Fracture healed in 3 mos, 
Full weight-bearing in 5 
mos. Expired 1 yr. posi- 
fracture 

Nonunion. Up in_ wheel 
chair with comfort. Living 
6 mos. postfracture 

Living 6 wks. postfracture 


Nonunion. Expired 11 mos. 
postfracture 

Nonunion. Expired 8 mos. 
postfracture of left hip 


Nonunion. Expired in 3 mos. 


Fracture healed in 3 mos. 
1 yr. later, fracture 
through subtrochanteric 
region of same hip. Ex- 
pired in about 2 wks. 

Fracture healed in 3 mos. 
Full weight bearing in 6 
mos. Lived 6 yrs. post- 
fracture 

Living 1 mo. postfracture. 
No evidence of callus for- 
mation. Comfortable in 
bed 

Healing of fracture in 6 mos. 
Expired 3 mos. postfrac- 
ture 

No union. Nail broke 
through lateral cortex of 
shaft and trochanter of 
femur. Expired 14 mos. 
postfracture 

Walking with a cane with 
minimal discomfort 


Up walking with crutches in 
4 wks. Expired 1 yr. post- 
fracture 





Expired 8 wks. postfracture. 
Comfortable up in wheel 
chair 

Walking with aid of crutches. 
No union. Expired 11 
mos. postfracture 


Expired in 3 wks. 


Up walking with minimal 
weight-bearing. Expired 
in 6 mos. 


Ambulatory in a few days. 
Expired 2 mos. postfrac- 
ture 


Expired in a few days of ex- 
tensive metastases 
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Fic. 1. Case 1. a, Transverse subtrochanteric pathologic fracture of right femur and metastases 
to the pubis and ischium. b and c, Marked improvement in position of the fracture resulted with 
skin traction. d, Unusual healing of the fracture 614 months later. There has been spread of tumor, 
both proximally and distally from the fracture, and it is probable that tumor ossification has con- 


tributed to the fracture healing. 


In this series of patients both conserva- 
tive and operative treatments were used. 
Conservative treatment consisted of: (1) 
bed rest only, in terminal patients in whom 
fracture fragments were displaced slightly 
or impacted (3 patients); (2) skin traction, 
method of Buck or Russell (7 patients); (3) 
skeletal traction through the distal portion 
of the femur (1 patient); (4) well-leg trac- 
tion (2 patients). Operative treatment con- 
sisted of: (1) prophylactic nailing and 
plating (1 patient); (2) nailing and plating 
(3 patients); (3) primary replacement pros- 
thesis of femoral head (1 patient); (4) in- 
sertion of a long McLaughlin nail through 
the trochanter and neck and head of femur 
into the thickened portion of the ilium 
above the acetabulum (1 patient). 

Only 3 of the 11 patients who were con- 
sidered to be terminal cases and were 
treated by skin traction and bed rest died 
within 1 month. Seven of the 11 patients 
lived 3 months to 1 year postfracture. One 
of the 11 patients (B. H.) lived 6 years post- 
fracture and 17 years after radical mas- 
tectomy. 

It is quite obvious that accurate deter- 
mination of a particular patient’s expected 
life span is impossible. A more aggressive 
approach to these “terminal’’ patients 
would have spared them time in bed and 
eised the associated nursing problems. 

Well-leg traction is indicated in the treat- 
ment of those patients whose hips are so 





destroyed by the metastatic lesions that 
internal fixation or primary replacement 
prosthesis is not feasible, and in patients 
who are almost terminal and cannot toler- 
ate a major surgical procedure. It should be 
applied with heavy Steinmann pins through 
both distal femurs, and the pins should be 
incorporated in the casts. It relieves pain, 
allows early use of wheel chair, and permits 
simple home nursing care. This method 
affords adequate immobilization for inter- 
trochanteric and subtrochanteric fractures; 
the patient is surprisingly active and com- 
fortable, and the fractures often heal in very 
satisfactory position. 

Operative treatment has its ‘limitations 
and risks. The general condition of the 
patient should permit a major surgical 
procedure. These patients are debilitated 
by the neoplastic process and some have 
had adrenalectomy or hypophysectomy. 
The danger of distant spread of tumors by 
direct or embolic means is another theory 
given against surgery. This is, however, a 
very weak argument for this group of pa- 
tients. Improper immobilization of fracture 
fragments and continuous opening of blood 
spaces invites spread of tumor cells and is 
equally hazardous. Nitrogen mustard has 
been used recently to prevent spread of live 
tumor cells during and after cancer sur- 
gery. It is certainly of value for palliation of 
pain and when properly administered, the 
toxicity has not been serious. 
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Fic. 2. 





Fic. 3. 


Fic. 2. Case 2. a, Neoplastic lesions in the necks of 
both femurs but no fracture. b, A pathologic fracture 
through the basilar region of the neck with angulation 
but without significant displacement. c, d, and e, Pro- 
gressive neoplastic destruction in the neck and trochanter 
region. The fracture did not heal. 


The site of fracture (whether subcapital, 
intertrochanteric, or subtrochanteric) and 
the extent of metastatic bone destruction in 
the acetabulum, intertrochanteric region, 
and proximal femur are other factors to 
consider in determining the type of surgical 
procedure to be used. Each case requires 
individual consideration. 

Prophylactic nailing to prevent path- 
ologic fracture was used in 1 patient (T. J.). 
This patient was ambulatory and com- 
fortable for 11 months following nailing. 
In selected cases, one should seriously con- 
sider operative reinforcement to prevent 
pathologic hip fractures. Prophylactic fem- 
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Fic. 4. 


Fic. 3. Case 10. a, Neoplastic destruction in the left 
subtrochanteric neck region with pathologic fracture and 
neoplastic involvement of other bones of the pelvis. b, 
Excellent reduction of the pathologic fracture with ad- 
vanced ossification around the fracture site. Obvious 
extension of the neoplastic disease in the pelvis is demon- 
strated as well as involvement of the opposite femur. 
Treatment was well-leg traction. 

Fic. 4. Case 14. a. This film was taken because of pain 
in the left hip region. It was interpreted as negative 
although there are radiolucent changes in the left 
trochanteric region. b, The very rapid extension of the 
neoplasm with destruction of the entire cervical and 
trochanteric area and the pathologic fractures of sub- 
capital and subtrochanteric areas. c, Further progression 
is demonstrated. d, Pyelogram showed abnormal findings 
on the right, with failure of visualization of the calyces 
and ureter of the right kidney. The diagnosis was con- 
firmed at autopsy. 


oral rodding is commonly utilized in the 
presence of lytic femoral lesions. 

In Table I these clinical data, treatment, 
and results are summarized. 


ILLUSTRATIVE CASES 


Case 1. I. A. was a 57 year old white female with 
right radical mastectomy for carcinoma of the breast. 
Postoperatively she received radiotherapy to the right 
breast and axillary regions. One year previously the 
patient had had clinical signs and roentgenographic 
evidence of metastasis to the right pubis and subtro- 
chanteric region of the right femur, but she kept on 
working despite the pain. 

On October 26, 1953, the patient developed sud- 
den, very severe pain in the region of the right hip 
and could not bear weight on the right lower ex- 
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c 
Fic. 5. 

Fic. 5. Case 15. a, Anteroposterior and lateral views 
of the pure lytic destructive lesion at the level of the 
lesser trochanter of the right femur. No fracture. b, An- 
teroposterior and lateral views of proximal portion of 
femur with a plate attached by 4 screws to shaft of femur. 


tremity. Roentgenograms taken on November 1, 
1953 (Fig. 1a) disclosed a pathologic fracture through 
the subtrochanteric region of the right femur, with 
close to a 90 degree angulation of the fracture frag- 
ments. 

The fracture was treated with skin traction for 3 
months, during which time the patient was confined 
to bed. Roentgenograms taken November 6, 1953, 
demonstrated satisfactory position of the fracture 
fragments (Fig. 1b). On December 2, 1953, roent- 
genograms showed minimal evidence of callus forma- 
tion about the fracture site, and there was some lat- 
eral angulation of the fracture segments (Fig. 1c). 

Seven months postfracture, on May 22, 1954, the 
roentgenograms showed complete healing of the frac- 
ure (Fig. 1d). The patient had been bearing full 
weight and walking unaided for the past 2 months. 
Four months later, or 1 year after sustaining the 
pathologic fracture, she died at home of widespread 
metastases. An autopsy was not performed. 

Case 2. A. M., a 60 year old white housewife, un- 
derwent left radical mastectomy on April 22, 1957, 
or treatment of a poorly differentiated scirrhous 








Tachdjian et al.: PATHOLOGIC FRACTURES OF HIP 17 


Fic. 6. 





c, Anteroposterior and lateral views several months later 
with extension of lesion and a pathologic fracture. 

Fic. 6. Case 18. a, Comminuted subtrochanteric frac- 
ture of left femur with moderate angulation. b, Immo- 
bilization with a blade plate and nail. This type of im- 
mobilization will not permit free weight-bearing but does 
permit wheel-chair and crutch ambulation. 


adenocarcinoma of the breast. Following surgery, the 
patient went rapidly downhill and widespread me- 
tastases developed. Roentgen therapy was given to 
the left side of the chest and to the spine. An antero- 
posterior roentgenogram of the pelvis taken on May 
28, 1957, showed lytic changes in the left femoral 
neck (Fig. 2a). 

On June 13, 1957, the patient complained of 
severe pain in the left hip region which gradually in- 
creased in severity. In 3 days, she could not bear 
weight on the left lower extremity. She was read- 
mitted to Chicago Wesley Memorial Hospital on 
June 19, 1957, and roentgenograms disclosed a frac- 
ture through an apparent area of osteolytic metas- 
tasis (Fig. 2b). 

The patient was treated by skin traction for 6 
weeks, during which time she was confined to bed 
and fairly comfortable. Follow-up roentgenograms 
taken on July 9, 1957 (Fig. 2c), August 1, 1957 (Fig. 
2d), and September 7, 1957 (Fig. 2e) showed no 
union of the fracture. This patient was still living in 
December 1957. Early internal fixation with nail and 
plate would have been logical therapy. 
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TABLE II.—PRIMARY MALIGNANT BONE TUMORS 











The fracture fragments were separated, with abduc- 
tion and external rotation of the proximal fragment. 


postfracture, disclosed good position of the fracture 
fragments and abundant callus formation (Fig. 3b). 








Pathologic 
Case Age, Hip in- Anatomic fractures at Treatment Follow-up 
No. yrs. Sex volved site other sites received and result Etiology 
20 44 F Right Subtrochanteric Humerus, femur, Skin traction Nonunion. Ex- Multiple ; 
L.M. and spine and bed rest pired 9 mos. myeloma 
21 32 M Left Intertrochanteric Skin traction and Nonunion. Up Sarcoma, 
A.S. radiotherapy with crutch and fibro- 
ischial weight- cartilagi- 
bearing brace. nous 
Expired 16 mos. 
postfracture 
TABLE III.—BENIGN CONDITIONS 
Case Age Hip in- Anatomic Pathologic Treatment Follow-up 
No. prs Sex volved sile diagnosis received and result 
22 44 F Left Subtrochanteric Paget’s disease of Skeletal traction Union in 3% mos. Full 
M.C. bene through distal femur weight-bearing in 5 mos. 
23 41 F Right Subtrochanteric Engelmann’s disease Nail and plate fol- Not united yet. Still under j 
+x. lowed by intra- treatment 
medullary nailing ry 
and bone grafting Z 
24 15 F Left Neck Solitary bone cyst Curettage, bone graft- Union in 3 mos. No recur- 
L.W. ing, and hip spica rence fi 
cast 
25 5% F Right Neck Polyostotic fibrous Bryant’s skin traction Union 
B.R. dysplasia (Al- 
bright’s disease) 
26 56 F Right Necks, bilateral Postirradiation (1) Nail and tibial Union 
P.P bone graft, left. ; 
(2) Tibial bone i: 
graft only, right “f 
27 67 M Right Neck Postirradiation Threaded wires; 4% 1% yr. follow-up, minimal P- 
K.A. fracture mos. later, excision pain in right hip, almost 3 
of femoral head and normal range of motion in 
insertion of Moore right hip a 
prosthesis 4 
28 78 F Right Necks, bilateral Radium necrosis of | None Confined to wheel chair. 
M.H. and bone due to radium Main complaint was ra- 
left water injections dium necrosis and osteo- 
20 yrs. previously myelitis of mandible 
29 70 F Right Intertrochanteric Radium necrosis of Nail and plate; iliac Union in 3 mos. 
a bone due to ra- bone grafting W 
dium water injec- ea 
tions 15 yrs. . , 
previously aft 
30 54% M Right Neck, basal Gaucher’s disease. Hip spica cast and Fracture united. Avascular ; 
IR. Also had patho- nonweight-bearing changes in left femoral ‘ fir 
logical fracture of head. Nonweight-bearing , pl. 
left proximal continued tic 
humerus ; 
; ex 
svi 
Case 10. M. P., a 52 year old colored female, 7 A skeletal survey showed widespread metastases. Be- Jy 
months previously had had a left radical mastectomy cause of the poor general condition of the patient and : 
followed by radiotherapy to the left chest for carci- the extensive metastases, the treatment chosen was ts 
noma of the left breast. On January 5, 1955, a severe well-leg traction. She was up in a wheel chair the 
pain developed in the left hip while the patient was first day following application of well-leg traction and RB 
turning in bed. Roentgenograms taken on January was fairly comfortable. She also received hormones _ 
er ° ° ° * . 4} 
9, 1955, disclosed a pathologic fracture through the and radiotherapy to the left hip region. Roentgeno- 
subtrochanteric region of the left femur (Fig. 3a). grams taken on February 21, 1955, about 6 weeks : 
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Fic. 7. Case 11. a, Neoplastic destruction throughout the neck of the left femur. There is a definite 
midcervical fracture without displacement. b, Gradual increase in disability 1s shown with deform- 
ity. c, The position of the long McLaughlin nail through the trochanter, diseased neck region, and 
into the ilium. d and e, During the subsequent 5 months the skeletal carcinomatosis has steadily 
progressed and the nail has given inadequate immobilization. 


While still in well-leg traction, the patient was trans- 
ferred to another hospital where she died shortly 
afterward of widespread metastases. 

Case 14. R. S., a 46 vear old white housewife, was 
first seen on November 9, 1950, with the chief com- 
plaints of pain in the left hip of about 5 months’ dura- 
tion and inability to bear weight on the left lower 
extremity for about 2 months. An anteroposterior 
view of the pelvis was taken by the local physician on 


July 5, 1950, and was interpreted as negative (Fig. 


4a). In retrospect, one can see the loss of trabecular 
pattern in the intertrochanteric region of the left hip. 

Because of the persistence of pain, another roent- 
genogram of the pelvis, including both hips, was taken 
on September 11, 1950, by the local physician (Fig. 
4b). It demonstrated marked bone destruction, in- 
volving chiefly the proximal portion of the shaft, the 
itertrochanteric region, and the neck of the femur. 
\ large mass was noted in this region which was sur- 
rounded by a thin layer of calcium density. There 





were pathologic fractures through the neck and sub- 
trochanteric region of the left femur. These findings 
were interpreted as indicative of a metastatic lesion, 
with some periosteal reaction due to expansion of the 
periosteum by the proliferating tumor. 

A roentgenogram taken on November 14, 1950, 
showed these changes, with further destruction of 
bone and displacement of fracture fragments (Fig. 
4c). Roentgenograms of the chest demonstrated wide- 
spread metastasis through both lung parenchymas. A 
skeletal survey disclosed metastasis to the skull. There 
was no demonstrable roentgenographic evidence of 
metastasis in the spine, upper extremities, and legs. 
An intravenous pyelogram showed signs suggesting 
hypernephroma of the right kidney (Fig. 4d). On No- 
vember 16, 1950, the patient was placed in well-leg 
traction and received radiotherapy to the left hip re- 
gion. Symptomatically, the treatment made the pa- 
tient comfortable enough to permit ambulation in a 
wheel chair. Her course was steadily downhill and 
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Fic. 8. Case 12. a, Mixed type of metastases in the 
pelvis and left femoral neck region. b, Pathologic frac- 
ture with advanced neoplastic destruction in the femoral 
neck. c, Moore type of prosthesis replacing the femoral 
head and the entire cervical portion of the femur. Am- 
bulatory on sixth postoperative day, up in a walker. 


she expired on December 23, 1950. An autopsy was 
performed, and the microscopic diagnosis of hyper- 
nephroma of the right kidney was made. 

Case 15. T. J., a 48 year old white male, was ad- 
mitted to Chicago Wesley Memorial Hospital on 
March 14, 1952, with the chief complaint of pain in 
the right hip of 2 months’ duration. Roentgenograms 
disclosed an osteolytic lesion in the subtrochanteric 
region of the right femur (Fig. 5a). The cortex was 
thinned but not fractured. On March 18, 1952, a 
biopsy of the lesion was performed, and the hip was 
prophylactically pinned with an Austin Moore type 
of blade plate. The microscopic diagnosis of the tumor 
was a moderately well differentiated, clear-celled 
adenocarcinoma, hypernephroma. Postoperatively, 
the patient received radiotherapy to the right hip 
region. A kidney exploration was not performed. 

The patient was up and around on crutches 4 days 
after operation. On May 23, 1952, roentgenograms 
showed that the plate was still holding (Fig. 5b). 
Roentgenograms taken on September 12, 1952, dis- 
closed further extension of the tumor with more bone 
destruction (Fig. 5c). The fracture through the sub- 
trochanteric region was evident, but the plate was 
holding the fracture fragments together. At this time 
the patient was ambulatory with two crutches and no 
weight-bearing on the right lower extremity and was 
comfortable. He expired in February 1953, 11 months 
after the biopsy was taken, with lung metastases. 

Case 18. C. B., a 58 year old white female, was ad- 
mitted to Chicago Wesley Memorial Hospital on 
April 26, 1955, because of a pathologic fracture 
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through the lesser trochanteric region of the left 
femur due to metastatic carcinoma, the primary being 
carcinoma of the stomach (Fig. 6a). 

Because of the good general condition of the patient 
and the isolated nature of the metastatic lesion, as 
shown by skeletal survey, it was decided that this was 
a good case for internal fixation. On April 27, 1955, 
an open reduction and internal fixation procedure 
with a McLaughlin nail and plate was accomplished. 
Microscopic sections of specimens taken during sur- 
gery disclosed poorly differentiated mucinous adeno- 
carcinoma in bone. The patient was up in a wheel 
chair in a few days. After about 2 weeks, she was dis- 
charged home to Texas and was ambulatory in a 
walker. Postoperative roentgenograms taken on May 
5, 1955, are shown in Figure 6b. Two months follow- 
ing fracture, the patient expired at home. 

Case 11. A. G., a 46 year old white female, had a 
simple left mastectomy performed for treatment of 
scirrhous carcinoma of the left breast in August 1955. 
Roentgenograms taken on August 10, 1955, disclosed 
a metastatic lesion in the left femoral neck with an 
undisplaced fracture (Fig. 7a). 

The patient was first seen by the orthopedic service 
5 months later, in January 1956, at which time she 
could not bear weight on the left lower extremity and 
was suffering from excruciating pain. On January 9, 
1956, an anteroposterior roentgenogram of the left 
hip showed displacement of the fracture fragments in 
the left femoral neck (Fig. 7b). On January 12, 1956, 
the left hip was stabilized by inserting a long Mc- 
Laughlin nail into the ilium through the greater 
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c Fic. 9. d 


Fic. 9. Case 20. a and b, Generalized skeletal involve- 
ment with pathologic fractures of the proximal and 
distal portions of the right humerus and the distal part 
of the left femur. c, Pathologic fracture in the intertro- 
chanteric and subtrochanteric region of the right femur 
with neoplastic involvement throughout the pelvis and in 
the opposite femur. d, Progression of the neoplastic 
destruction in the region of the fracture with no effort at 
union. Treatment: bed rest. 

Fic. 10. Case 21. a, Abnormal fibrocyst-like change 
throughout the neck of the left femur. b, Same hip ap- 


trochanter, neck, and head of the left femur. Im- 
mediate postoperative roentgenograms taken on 
January 16, 1956, showed satisfactory alignment of 
the fracture fragments and the nail in good position 
(Fig. 7c). The patient was fairly comfortable and was 
up in a wheel chair and gradually into a walker with 
no weight-bearing on the left lower extremity. 

On April 14, 1956, roentgenograms disclosed that 
the fracture fragments were not united, and the distal 
fragment was adducted, with the nail breaking 
through the lateral cortex and the greater trochanter 
of the femur (Fig. 7d). Roentgenograms taken on 
June 8, 1956, showed further extension of the destruc- 
tive lesion (Fig. 7e). The patient expired 14 months 
postfracture. This surgical effort was not entirely 
successful] but contributed to comfort and nursing care. 

Case 12. F. S., a 48 year old white female, had a 
right radical mastectomy in 1953 for carcinoma of the 
breast. Pain in the back and left hip began in 1956, 
ind roentgenograms disclosed metastasis which was 
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a Fic. 10. b 





Fic. 11. 


proximately 4 years later with extension of the disease 
process and a pathologic fracture. 

Fic. 11. Case 25. a, Roentgenogram taken in 1948 
shows minor changes in the trabecular pattern but no 
fracture. b, Pathologic fracture with severe coxa vara of 
the right hip. The typical fibrous dysplasia changes are 
also demonstrated in the distal part of the femur and 
other bones visualized. 


treated with roentgen therapy. On June 5, 1957, an 
anteroposterior roentgenogram of the pelvis showed 
metastatic involvement of the proximal end of the 
left femur, the adjacent acetabulum, and the left 
sacroiliac joint (Fig. 8a). On July 13, 1957, the pa- 
tient fell at home and sustained a pathologic frac- 
ture through the subcapital region of the left hip 
(Fig. 8b). On July 16, 1957, the left femoral head was 
excised and a Moore prosthesis was inserted. The pa- 
tient was ambulatory, up in a walker, on the sixth 
postoperative day. Roentgenograms taken on Sep- 
tember 24, 1957, showed good position of the pros- 
thesis (Fig. 8c). The patient is:still living and weight- 
bearing with crutch protection. 


PART II. PATHOLOGIC FRACTURES THROUGH 
AREAS OF PRIMARY MALIGNANT BONE TUMORS 


Primary malignant bone tumors were the 
cause of pathologic fractures in 2 patients, 
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Fic. 12. Case 30. a, Fracture through the base of the 
neck of the right femur with diffuse skeletal abnormality. 
b, c, h, i, and j, Progressive healing of the fracture and 
also progressive changes in the head and neck region of 
the opposite femur. This Perthes-like change in the 
femoral head is typical for this disease. d, e, f, and g, 
Pathologic fracture in the proximal portion of the left 
humerus and the typical changes for Gaucher’s disease in 
the opposite humerus and the distal portion of the femurs. 


multiple myeloma in one and fibrochondro- 
sarcoma in the other. In most cases when a 
primary malignant bone tumor is diag- 
nosed, amputation is necessary. They are 
not a primary fracture problem. On the 
other hand, when a fracture occurs through 
an area involved with multiple myeloma or 
a radiosensitive primary malignant bone 





tumor with a somewhat more favorable 
prognosis, definitive surgery may be in- 
dicated if multiple foci or metastases are 
apparent. 

The following 2 cases, summarized in 
Table II, illustrate the problems encoun- 
tered in the management of fractures such 
as these. 
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ILLUSTRATIVE CASES 


Case 20. L. M., a 44 year old white female with an 
established diagnosis of multiple myeloma, expe- 
rienced sudden pain in the right hip and left knee 
while in the washroom and was carried to bed. At the 
same time, she complained of pain in the right 
shoulder and right elbow. Roentgenograms disclosed 
pathologic fractures through the supracondylar region 
of the left femur, through the neck and supracondylar 
region of the right humerus, and through the sub- 
trochanteric region of the right femur (Figs. 9a, b, 
and c). Because of the multiple fractures and poor 
general condition of the patient, it was decided to 
treat her with skin traction and bed rest. An antero- 
posterior roentgenogram of the right hip, taken on 
April 29, 1952, disclosed no evidence of union (Fig. 
9d). The patient lived 9 months postfracture, during 
which period she was confined to bed. In retrospect, 
if some type of internal fixation had been used, it 
would have minimized pain and allowed ambulation. 

Case 21. A. S. was first seen in 1937, at the age of 
29 years, with a cystic lesion in the neck and inter- 





Tachdjian et al.: PATHOLOGIC FRACTURES OF HIP 23 


e f 





Fic. 13. Case 26. a, Barely recognizable fracture 
through cervical region of left femur. b and c, Moderate 
slipping at the fracture site. Fracture was reduced and 
fixed in a valgus position with a Smith-Petersen nail, but 
union did not result. d and e, Healing of fracture in left 
femoral neck with a bone graft in place. Pathologic frac- 
ture line is present across cervical region of right femur. 
f, g, and h, Bone graft successful. i, Fracture was prob- 
ably traumatic through healthy bone. Healed after simple 
threaded wire fixation. Bone grafting is definitely indicat- 
ed for irradiation type fractures. 


trochanteric region of the left femur (Fig. 10a). The 
cystic region was curetted and filled with bone chips. 
At that time. microscopic sections were diagnosed as 
a benign fibrocystic lesion. However, some areas ap- 
peared to be suspiciously malignant. In 1937, after 
the operative wound had healed, the patient received 
roentgen therapy of approximately 2,000 roentgen 
units given in small doses. 

The patient was able to work, but complained of 
stiffness in his left hip. On August 20, 1940, he was 
checked, and roentgenograms demonstrated recur- 
rence of the cyst-like areas, but the surrounding bone 
appeared to be strong enough for safe weight-bearing. 

On September 19, 1940, the patient sustained a 
pathologic fracture through the intertrochanteric re- 
gion (Fig. 10b). This was treated by skin traction. On 
November 19, 1940, a biopsy of the lesion was diag- 
nosed from microscopic sections as sarcoma, fibro- 
cartilaginous type. Further roentgen therapy was 
given to the left hip region. In January 1941, the pa- 
tient was ambulatory, using a left, long-leg, ischial 
weight-bearing brace and crutches. He expired 1 
year, 4 months postfracture, of extensive metastases. 
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Fic. 14. Case 27. 
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a and b, Impacted type of fracture of the femoral neck of right hip with moder- 


ate displacement. c, Reduction and fixation are only fair and were not adequate. d, Progressive 
deformity with settling and displacement of the wires. A Smith-Petersen nail with a bone graft 
would have been better treatment. e, Moore prosthesis properly fitted into the acetabulum. The 
patient has obtained approximately normal function for the past 20 months. 


PART III. PATHOLOGIC 
BENIGN BONE LESIONS 


FRACTURES DUE TO 


Benign conditions resulted in pathologic 
fractures of the hip in 9 patients. Gaucher’s 
disease, polyostotic fibrous dysplasia (Al- 
bright’s disease), Engelmann’s disease, Pa- 
get’s disease of bone, and solitary bone cyst 
were each the cause in 1 patient. Two of the 
remaining 4 patients had postirradiation 
fractures, and the other 2 had radium ne- 
crosis of bone following radium water in- 
jection therapy. 

The treatment of fractures through be- 
nign bone lesions is the same as treatment 
of uncomplicated fractures. The prognosis 
is usually good. Often curettement and 
bone grafting of cystic cavities are necessary. 

Hirsch and Brodetti(2) performed ex- 
perimental studies on the weight-bearing 
capacity of the structural elements of the 
femoral neck. They concluded that the 
superior and inferior cortical components 
of the femoral neck together support 70 per 
cent of all the weight-bearing, but 20 per 


cent and 40 per cent respectively when 
isolated. The superior and inferior cancel- 
lous tissues each take care of 15 per cent of 
the weight-bearing function. Brodetti (1) 
studied 34 cases of solitary bone cyst of the 
femoral neck. He compared these experi- 
mental data with clinical and roentgeno- 
graphic findings and tried to predict the 
probability of a fracture occurring in a 
femoral neck with a solitary bone cyst. 

Table III summarizes the clinical data, 
treatment, and end-results of pathologic 
fractures of the hip through areas involved 
by benign bone lesions. 


ILLUSTRATIVE CASES 


Case 25. B. R., a 51% year old white female with a 
known diagnosis of Albright’s disease (polyostotic 
fibrous dysplasia, unilateral skin pigmentation, and 
sexual precocity), was seen on March 29, 1952. She 
had fallen 4 days previously and had been unable to 
walk since. Her chief complaints were pain in the 
right hip and inability to bear weight on the right 
lower extremity. Her past history included the follow- 
ing: during the past year there had been a progressive 
shortening of the right lower extremity; roentgeno- 
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gras taken on July 23, 1948 (Fig. 11a) showed a 
valeus deformity of the right hip with a displaced 
Shenton’s line; in 1950, 2 years prior to admission, 
the patient sustained a pathologic fracture of the 
superior ramus of the right pubis which had since 
completely healed. Roentgenograms taken on ad- 
mission disclosed severe coxa vara of the right hip 
with a fracture through the basal neck region (Fig. 
11b). The patient was treated in Bryant’s traction. 
The fracture united, and she was discharged to 
another hospital for rehabilitation and further care. 

Case 30. I. R., a 5% year old male with a known 
diagnosis of Gaucher’s disease, was first seen by us in 
December 1956. He had undergone a splenectomy 2 
years before, at the age of 314 years. 

In March 1956, the patient complained of pain in 
the right hip and gradually became unable to bear 
weight on the right lower extremity. Roentgenograms 
taken on August 13, 1956, disclosed a pathologic frac- 
ture through the basal neck region of the femur (Fig. 
12a). At the same time, he complained of pain in the 
left shoulder of several months’ duration. Roentgeno- 
grams disclosed a healing fracture in the left humeral 
neck (Fig. 12d and e). 

The fractures were treated by nonweight-bearing 
and a hip spica cast on the right lower extremity and 
by a sling support to the left upper extremity. Roent- 
genograms of the distal femur showed the typical 
Erlenmeyer flask deformity of Gaucher’s disease (Fig. 
12f and g). Follow-up x-ray films of the hips dis- 
closed healing of the right femoral basal neck fracture 
and progressive avascular necrosis of the left femoral 
head (Figs. 12b, c, h, i, and j). The patient is still 
nonweight-bearing. 

Case 26. P. P., a 56 year old white housewife, was 
first seen on February 14, 1949, with the chief com- 
plaint of pain in the left hip of 2 months’ duration. 
In 1947, the patient had had carcinoma of the 
urethra which had been treated by irradiation. 
Roentgenograms taken on January 7, 1949, disclosed 
a zone of irregular bone condensation in the femoral 
neck, with a fracture line (Fig. 13a). There was sub- 
sequent displacement of the fracture fragments, and 
on March 1, 1949, a closed reduction of the left hip 
was done with internal fixation with a Smith-Petersen 
nail (Figs. 13b and c). 

Healing did not occur, and on June 20, 1950, the 
Smith-Petersen nail was taken out, and an autogenous 
tibial bone graft was inserted into the head and neck 
of the left femur. 

[he patient was next seen on April 9, 1951, com- 
plaining of pain in the right hip of 4 weeks’ duration. 
The left hip was asymptomatic and had full range of 
motion. Roentgenograms, an anteroposterior view of 
the pelvis, and a laminograph of the right hip, dis- 
closed a pathologic fracture through the subcapital 
region of the right hip (Fig. 13d and e). This was 
treated by bone grafting with autogenous tibial bone 
(I.g. 13f). Follow-up roentgenograms taken on July 
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Fic. 15. Case 28. a, Illustration of the diffuse osteitis 
typical of radium poisoning with pathologic fractures of 
both hips and osseous absorption. b, Zones of necrosis, 
calcification, and absorption in the proximal part of the 
humerus and scapula. c, Anteroposterior film of the spine 
shows the generalized osteoporosis of spine and ribs. 


14, 1955, showed complete union of both fractures 
and revascularization of both femoral heads (Fig. 
13g and h). The patient was ambulatory and asymp- 
tomatic. 

In January 1957, the patient fell and sustained a 
basal neck fracture of the left hip. This was internally 
fixed with Knowles pins by a local physician in Kan- 
sas, as shown by roentgenograms taken on January 
30, 1957 (Fig. 13i). 

Case 27. K. A., a 67 year old white male, was first 
seen on November 16, 1955, his chief complaint being 
pain in the right hip of 5 weeks’ duration. About 1 
year previously, he had received 28 roentgen therapy 
treatments to the right inguinal region for a benign 
giant follicular lymphoma. Following this, the patient 
had no complaints until 5 weeks prior to admission, 
when he felt pain in his right hip while going down 
the stairs. There was no history of trauma. The pain 
in the right hip gradually increased in severity, re- 
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quiring the use of crutches for 10 days before ad- 
mission. 

Examination of the patient disclosed generalized 
lymphadenopathy and limitation of flexion and ex- 
ternal rotation of the right hip. Roentgenograms 
taken on November 17, 1955, showed a subcapital 
fracture of the right hip, with sclerosis of the bone 
structure at the fracture site (Fig. 14a and b). 

On November 22, 1955, the fracture was internally 
fixed with 4 threaded wires. Anteroposterior and 
lateral roentgenograms of the right hip, taken on 
December 5, 1955, showed fair position of the 
threaded wires and satisfactory reduction of the frac- 
tures (Fig. 14c). Roentgenograms taken on March 
30, 1956, disclosed displacement of the fracture and of 
the wires (Fig. 14d). On April 3, 1956, the femoral 
head was excised and replaced with a Moore pros- 
thesis. The patient was up and around on the third 
postoperative day. On May 27, 1957, roentgenograms 
showed good position of the Moore prosthesis (Fig. 
14e). The patient to date is asymptomatic and has 
almost normal range of motion and function of the 


hip. 
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Spontaneous fractures of the femoral neck 
may occur after intensive irradiation of the 
pelvis. Kok reports a 1.45 per cent incidence 
of this complication. An area of irregular 
bone condensation is seen on the femoral 
neck just before the fracture occurs. Most of 
these fractures are subcapital. Their prog- 
nosis is favorable if internal fixation is sup- 
plemented by autogenous tibial or fibular 
bone graft. 


Case 28. M. H., a 78 year old white female, was 
seen in May 1949. Twenty years before, she had re- 
ceived radium water injections for treatment of her 
generalized arthritis. She complained of pain and 
swelling in her right mandible and inability to walk 
during the previous 6 months. Anteroposterior roent- 
genograms of the pelvis disclosed bilateral subcapital 
fractures of the hips (Fig. 15a). Figure 15b shows the 
avascular changes in the right humeral head and 
metaphysis. The severe osteoporosis of the dorsolum- 
bar spine is shown in Figure 15c. Radium necrosis 
and osteomyelitis of the right mandible were evident, 
and the right mandible was surgically excised. The 
diagnosis of radium necrosis of bone was confirmed 
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by a Geiger counter which demonstrated radioac ive 
emanations all over the patient’s body. 

As the general condition of the patient was poor and 
her main complaint was the osteomyelitis of the 
mandible, the fractured hips were not treated sur- 
gically. She was up in a wheel chair daily with rea- 
sonable comfort. 


SUMMARY AND CONCLUSIONS 


1. A series of 30 patients with pathologic 
fractures of the hips is presented. 

2. Nineteen of the 30 patients had path- 
ologic fractures through an area of meta- 


static involvement. Indications for surgical | 


treatment and its limitations and risks are 
discussed. The use of well-leg traction is 
recommended in terminal cases or in situa- 
tions in which major surgery is not feasible. 
The difficulty of determining the life ex- 
pectancy of a terminal patient is stressed 
and surgery is recommended if the patient’s 
present condition will allow it. The hope- 
lessness of the prognosis does not deter the 
performance of a surgical procedure which 
will ease nursing care and perhaps allow 
future ambulation. Prophylactic nailing of 
hips to prevent pathologic fracture is con- 
sidered. 

3. The primary goals of treatment should 
be to lessen the patient’s suffering and to 
accomplish early mobilization, and to facili- 
tate necessary nursing care. The importance 
of individualization of each case is em- 
phasized. 


REFERENCES 


1. Bropetti, A. The weight-bearing capacity of the 
femoral neck with solitary bone cyst. Acta orthop. 
scand., 1956, 26: 81-98. 


2. Hirscu, C., and Bropetti, A. The weight-bearing 


capacity of the structural elements in femoral neck. 
Acta orthop. scand., 1956, 26: 15-24. 


3. Kok, G. A report upon spontaneous fractures of the 


neck of the femura after intensive irradiation of car- 
cinoma of the uterus. Acta radiol., Stockh., 1953, 40: 
511-527. 








eee 





aC live 


or and 
of the 
d sur- 
h rea- 


logic 


2a th- 
ne ta- 
gical 
S are 
nis 
itua- 
sible. 
» Xe 
assed 
ent’s 
ope- 
- the 
hich 
llow 
ig of 
con- 


ould 
d to 
cili- 
ance 
em- 


f the 
thop. 


aring 
neck. 
f the 


’ car- 


, 40: 








Lee SGA pais oot ah.n sm 


yetcen* 
= 


as eT 
sou nerd 


Seles ac 


4 





Spe kelp i Spear 
Pal etlNi ar Sl aac tii tase na RE a 


THYROID CANCER AND ITS TREATMENT 





J. W. WELCH, M.D., C. A. HELLWIG, M.D., V. E. CHESKY, M.D., F.A.C.S., and 


E. N. McCUSKER, M.D., Halstead, Kansas 


THE TRUE INCIDENCE of thyroid cancer has 
been a subject of much recent discussion and 
disagreement in the literature and is actu- 
ally impossible to determine. Sokal, in a 
recent article, reports no discrepancy be- 
tween surgical reports and other types of 
data as to the incidence of thyroid cancer 
and concludes that all available statistics on 
the occurrence of thyroid cancer are in es- 
sential agreement. A review of the literature 
does not reinforce such a viewpoint. How- 
ever, the incidence of thyroid neoplasm is 
readily and accurately assayable among a 
selected group such as surgical goiters but 
remains controversial as far as pathologic 
diagnosis and classification are concerned. 

Recent published studies of such selected 
groups reveal an incidence varying con- 
siderably, with the average probably lying 
between the 5.3 per cent reported by Crab- 
tree and Hunter and the 7.2 per cent re- 
ported by Cattell. These reports contrast 
sharply with the earlier results of Graham 
in 1924 of 1 to 2 per cent, Mayo in 1937 of 
3.0 per cent, and Joll in 1941 of 1.8 per cent. 
Such a contrast emphasizes the fact that 
carcinoma of the thyroid is being reported 
more frequently today and that there is an 
increasing awareness of the malignant po- 
tentialities of the nodular goiter. 

In view of this trend as well as the chang- 
ing concepts in the surgical management of 
thyroid cancer it is believed worth while to 
review our experience in the surgical treat- 
ment of thyroid disease with special ref- 
erence to malignant disease of the thyroid. 


CLINICAL MATERIAL 


A total of 3,024 patients have been op- 
erated upon at the Hertzler Clinic for thy- 


From The Hertzler Clinic and The Hertzler Research 


Foundation, Halstead, Kansas. 


roid disease in the 15 year period from 1940 
to 1956. ‘Two hundred and sixty-seven cases 
of thyroid cancer have been confirmed by 
pathologic study for an incidence in surgical 
goiter of 8.8 per cent. Classification as to 
type of thyroid disease for which surgery 
has been performed is shown in Table I 
while the pathologic classification of malig- 
nant disease of the thyroid is categorized in 
Table II. 

At this clinic thyroid cancer has been 
treated by total thyroidectomy and a modi- 
fied radical neck dissection followed by 
roentgen therapy when indicated in the 
more malignant forms of thyroid disease 
such as malignant lymphoma, giant cell car- 
cinoma, round cell carcinoma, diffuse car- 
cinoma, and the less well differentiated 
tumors. The less malignant forms of thyroid 
carcinoma, such as the papillomas, the in- 
vasive adenomas, and the Hiirthle cell 
tumors, have been treated by either adeno- 
mectomy with a rim of adjacent thyroid 
tissue or lobectomy plus local lymph node 
dissection and excision of the isthmus. No 
frozen sections of thyroid tissue are or have 
been acceptable at this institution. If ma- 
lignancy is subsequently proved on paraffin 
section and it is believed that the original 
operation was inadequate, a second more 
radical procedure may be elected. In recent 
years lobectomy has been the operation of 
choice in all age groups with solitary ade- 
nomas. Needle biopsy of the thyroid has 
proved unsatisfactory in our hands. 

Prior to any valid and significant report 
on thyroid cancer a working classification 
of thyroid cancer must be given. Such classi- 
fications in the literature vary from a rather 
broad category of 3 to a more detailed one 
of 25 or more. In Table II our working 
classification is outlined without which sta- 
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TABLE I.—CLASSIFICATION OF SURGICAL THYROID 
DISEASE 


No. of cases 


PNET IRIE 8 So Ci. re tS Be od is ie aneval 473 
Nodular nontoxic colloid goiter. . 480 
Diffuse colloid goiter. . . eres ee 532 
Nodular colloid hyperplasia 245 
Colloid adenoma...... 600 
Toxic adenoma....... 160 
Lymphadenoid goiter és 203 
Ce | i ree ms : . 65 
SC MIURIA NORIO isso isic sad aie eivaiea sine ahaeasae 266 
RIPE oS ie Seas ROMA OL ARE OS 3,024 


TABLE IIl.—MALIGNANT TUMORS OF THE THYROID 
No. of cases 


Papilomia OF The Tyros. ooo si 66 6 o:sie 0:06 0:50:80 31 
Follicular variant of papilloma................. 33 
Follicular carcinoma. . . RoE aia aah nee 13 
Invasive adenoma. . . iG dl oa See eTaneees eee 52 
Hiirthle cell carcinoma. . . 5 Sree on Acadamy 73 
Clear cell tumor....... Me oe pa 6 
Malignant lymphoma... . : one aes 5 
Diffuse adenocarcinoma... . . , vose 45 
Small round cell and giant cell cancer : re 8 
Hemangio-endothelioma...................000. 1 
MN soca Se 5:5 a AR EEN Roses RR 267 


tistical figures and incidence rates, treat- 
ment results, and survival rates are mean- 
ingless. Each type of cancer listed will be 
discussed and the data on age, sex incidence, 
clinical features, pathology, treatment, and 
follow-up will be given. 


PAPILLOMA OF THE THYROID 


In a recent publication from this Clinic 
(14), a differentiation of pure papilloma, 
papilloma with follicular structure, and 
follicular carcinoma was made with a result- 
ing better prognosis in those forms with 
papillary structure. In the present study the 
same differentiation is made. Figure 1a in- 
dicates a pure papilloma while Figure 1b 
shows a mixed papilloma or follicular vari- 
ant, and Figure 1c represents a follicular 
carcinoma. 

There is a considerable difference of 
opinion in various thyroid clinics as to the 
relative malignancy of the thyroid papil- 
loma. Some groups regard papilloma of the 
thyroid as a relatively benign cancer and 
are guided in their surgical therapy consist- 
ing of adenomectomy with a rim to total 
lobectomy and excision of the isthmus. 
Others believe that it is a dangerous lesion 


and treat it with total thyroidectomy neck 
dissection, and some even advocate thoracic 
node dissection followed by roentgen therapy. 

The natural history of the lesion indicates 

»that the thyroid papilloma is of low grace 
malignancy with a high cure rate and a long 
‘clinical course. In our experience (10, 14) 
prior to this study, 89 per cent of these pa- 
tients treated by either adenomectomy with 
a rim or lobectomy on the affected side had 
a 5 to 15 year survival without evidence of 
disease. This finding is reconfirmed by this 
study. The pure thyroid papilloma consti- 
tuted 1 per cent of our cases of thyroid dis- 
ease and 11.6 per cent of the thyroid can- 
cers. The average age of our patients on 
admission was 41.1 years. Of these 80.6 per 
cent were females and 19.1 per cent were 
males. Eight of these patients on admission 
exhibited cervical adenopathy which sub- 
sequently proved to be papillary tumor. In 
only 8 of the 31 cases was a malignant tu- 
mor suspected preoperatively. 

Pathology. Papillary carcinomas in our 
experience are seldom bilateral. In 26 of our 
31 specimens the papillary tumor was the 
only nodule while in 5 it developed in a 
multinodular goiter. The specimens were 
usually small in size—over one-half of our 
group being between 2 to 4 centimeters in 
diameter. In all specimens the tumors pre- 
sented papillary structure throughout. Mi- 
croscopically, the papillae varied in size and 
shape and the cores of vascular connective 
tissue were covered by cuboidal or columnar 
epithelium in 1 or more layers. Mitotic 
figures were, as a rule, infrequent. In nearly 
one-half of our specimens capsular invasion 
was noted but in only 1 specimen was blood 
vessel invasion seen. In reality, this invasion 
of the thyroid tissue or adjacent structures 
and evidence of metastatic growth are the 
criteria of malignancy. Moritz and Bayliss 
cite these as criteria of malignancy and we 
concur. 


Treatment and follow-up. The treatment of 


these lesions in our clinic has been surgery. 
consisting of, for the most part, lobectomy 
on the affected side plus excision of the 
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thyroid isthmus and adjacent lymph node 
dissection when indicated. Due to the natu- 
ral history of the lesion one might suspect 
that almost any reasonable form of therapy 
would yield good results for 5 years or more 
and such is our finding. In 8 cases bilateral 
subtotal thyroidectomy was done while in 
19 cases either adenomectomy with a rim 
or lobectomy constituted the surgical pro- 
cedure. In only 4 cases, with clinically evi- 
dent invasion, was it necessary to resort to 
total thyroidectomy with a modified neck 
dissection consisting of lymph node extirpa- 
tion. None of these procedures was followed 
by x-ray therapy since it did not seem in- 
dicated and since the results of x-ray treat- 
ment on thyroid papillomas are equivocal. 

Of the 31 patients, 24 are known to be 
alive and 22 are well and apparently free of 
disease from 2 to 18 years (average 10.8 
years) postoperatively. Two of these patients 
have been lost in follow-up, 5 are dead, and 
2 have recurrence or metastasis. Of those 
who died, 2 succumbed to the thyroid dis- 
ease and the other 3 died from proved un- 
related disease. ‘This yields an apparent cure 
rate of 84.6 per cent, with a survival rate of 
92.3 per cent on the basis of a 93 per cent 
follow-up. These figures would not seem to 
indicate routine radical surgery for papil- 
loma of the thyroid. 


FOLLICULAR VARIANT OF PAPILLOMA 


These tumors fall into Crile’s favorable 
group since they contain papillary as well as 
follicular structure. They comprise 1.1 per 
cent of our cases of thyroid disease and 12.4 
per cent of our cases of thyroid cancer. 
Thirty-two of the patients were females;~1 
was a male. The average age of the patients 
was 47.9 years. In 21 cases a solitary nodule 
only was found, in 8 cases there were multiple 
tumors, and in 3 cases the nodularity was 
bilateral. One tumor was situated in the 
is! mus. 

Pathology. The largest of these tumors 
measured 8 by 6 centimeters but most of 
them were between 2 and 4 centimeters in 
sive. Twenty specimens were sharply cir- 








Fic. 1. a, Papillary carcinoma of the thyroid. b, Follic- 
ular variant of papillary carcinoma. c, Follicular carci- 
noma of the thyroid. 


cumscribed. In 5 specimens capsular in- 
vasion could be seen grossly. 

These tumors presented both papillary 
and follicular structure with varying amounts 
of each. In the usual specimen the follicles 
were of small diameter and the cells lining 
the follicles or covering the papillae were 
high cuboidal or columnar. Tubular and 
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Fic. 2. Hiirthle cell tumor of the thyroid. 


trabecular structures were present through- 
out. Hyperchromatism was common while 
mitotic figures were rare. The cells were 
often poorly oriented and there was varia- 
tion in the size of the cells and the nuclei. 

Treatment and follow-up. Bilateral subtotal 
thyroidectomy was performed in 11 cases 
and simple lobectomy in 20 cases. Total 
thyroidectomy with a modified neck dissec- 
tion was accomplished in 2 cases and post- 
operative irradiation was administered. 

Twenty-eight of these 33 patients are today 
alive and 25 are well and apparently free of 
disease from 3 to 15 years (average 11.2 
years) postoperatively. ‘Two patients are 
dead of the disease, 3 are lost in follow-up, 
and 3 patients have suffered recurrence or 
metastasis. This gives an over-all survival 
rate of 93.3 per cent and apparent cure rate 
of 83.3 per cent. This lesion, in view of these 
findings, is considered as of extremely low 
malignancy at this clinic and therapy is 
therefore conservative. 


FOLLICULAR CARCINOMA 


These 13 tumors comprised 4.8 per cent 
of our cases of thyroid cancer and 0.4 per 
cent of our surgical thyroidectomies. While 
this type of malignant tumor falls into a 
favorable category from a survival stand- 
point, the prognosis is not as good as with 
the pure papilloma or the follicular variant 
of the papilloma. ‘These tumors that we call 
follicular carcinoma correspond to Warren 
and Meissner’s follicular adenocarcinoma 
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except that we exclude all specimens with 
papillary structure. Our follicular carci- 
noma corresponds, also, to Hazard’s atypi- 
cal adenoma, Beahrs and Judd’s adenocar- 
cinoma in adenoma, and Fitzgerald and 
Foote’s alveolar and follicular carcinoma 
(excluding invasive adenoma). 

Ten of these patients were females and 3 
were males. The ages varied from 30 to 70 
years with the average age being 47.4 years. 
In 11 cases a solitary nodule only was 
found, and in the other 2 cases multiple 
nodules were present. 

Pathology. In 6 cases the tumors were 
definitely circumscribed, in 3 cases there 
was no capsule, and 2 specimens mani- 
fested capsular invasion. The largest tumor 
measured 11 by 7 centimeters but the aver- 
age size of the tumors was between 2 and 4 
centimeters in diameter. Most of these speci- 
mens were microfollicular. Some of them 
showed trabecular structure, some tubular 
structure, and many presented both types 
of architecture. The colloid was dense and 
well stained in most specimens. Invasion of 
tumor into both thyroid tissue and adjacent 
structures was not uncommon. 

Treatment and follow-up. Bilateral and sub- 
total thyroidectomy was performed on 6 pa- 
tients and unilateral lobectomy on 5. In 2 
instances total thyroidectomy with modified 
neck dissection was mandatory because of 
involvement of the jugular vein in the tumor 
mass. 

Of the 13 patients with follicular carci- 
noma, 9 are known to be alive and clinically 
well and 8 are without evidence of disease 
3 to 15 years (average 11.6 years) postoper- 
atively. Three patients are dead, all post- 
operatively, and 1 patient is lost in follow- 
up. The over-all survival rate is 75 per cent. 
the apparent cure rate 66.6 per cent, and 
the mortality rate 25 per cent. All 3 of the 
deaths occurred in the immediate postoper- 
ative period. Two patients died as the re- 
sult of heroic surgery and 1 died in thyro- 
toxic crisis. In the latter case the follicular 
carcinoma did not directly contribute to 
the death since the carcinoma was found 
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incidentally on cross section of a diffuse hy- 
perplastic goiter. 

‘This is one of the less favorable of our first 
group of “‘benign’”? malignant tumors but 
still must be included in view of the high 
survival rate with conservative surgery. 
INVASIVE ADENOMA 

‘These tumors differ from benign ade- 
nomas only in their invasive tendency? Ac- 
cording to Graham the most reliable and 
constant criteria of thyroid cancer is blood* 
vessel] invasion. Pemberton, on the other 
hand, relies on cellular differentiation and 
presence or absence of mitoses. Zimmerman 
points out that such histologic criteria of 
malignant growth as cellular proliferation, 
mitoses, and irregularity in size, shape, and 
staining of cells may be seen in benign as 
well as malignant goiters following antithy- 
roid therapy. Conheim believed that the 
constitution of the victim was the deciding 
factor in the malignant course of the tumor. 
Langhans believed that the most reliable 
sign of malignancy was invasion of tumor 
cells through the capsule into the adjacent 
thyroid tissue. To this latter view we sub- 
scribe. 

In this study 52 cases of invasive adenoma 
are presented. ‘They constitute 1.0 per cent 
of our total number of thyroid lesions and 
19.6 per cent of our cases of thyroid cancer. 
The average age of these patients was 41.1 
years. Ninety-four per cent of these patients 
were females and 6 per cent of them males. 
In only 2 of the cases was cancer definitely 
suspected and diagnosed preoperatively. 
The most frequent clinical diagnosis pre- 
operatively was that of benign solitary ade- 
noma. 

Pathology. Six of the specimens on sec- 
tioning proved to be multinodular and in 9 
additional specimens there were 2 nodules; 
the rest were solitary nodules with an aver- 
age diameter of 2 to 4 centimeters. Twelve 
of the specimens were uniform in structure 
while the others had pleomorphic cell ar- 
raiigement, the most common being a com- 
bination of trabeculae and small follicles. 
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Fic. 3. Hemangio-endothelioma of the thyroid. 


There was no invasion of blood vessels with- 
out capsular invasion. Invasion of the cap- 
sule alone was found in 32 adenomas with 
both phenomena present in 14 specimens. 
The adjacent thyroid tissue was involved by 
tumor in 12 cases and adjacent neck struc- 
ture in only 1 case.’ No cases manifested dis- 
tant metastases. All but 2 cases were of 
grade 1 malignancy, the criteria for ana- 
plasia being variation in size and form of 
cells, mitoses, and oversized nuclei and 
nucleoli. 

Treatment and follow-up. Bilateral subtotal 
thyroidectomy was performed in 20 cases 
and lobectomy, total or subtotal, in 32 in- 
stances. No radical neck dissections were 
done and only 3 patients received postoper- 
ative irradiation. 

More than 90 per cent of these patients 
have been well observed for from 2 to 18 
years (average 11.2 years). Of the 47 traced 
patients, 43 (90 per cent) are alive, well, 
and without evidence of disease. Two pa- 
tients are dead, 1 from cirrhosis of the 
liver without evidence of thyroid disease. 
The survival rate is 95.7 per cent, the ap- 
parent cure rate 91.5 per cent. 

Warren and Meissner state that the cure 
rate should be 90 per cent or better with 
conservative surgery only. Crabtree and 
Hunter in reviewing 31 patients treated for 
invasive adenoma note only 2 recurrences 
and no deaths from the disease. In a pre- 
vious paper (6) we reported 46 cases with 
over 90 per cent cure rate and concluded 
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then that the treatment could be limited to 
lobectomy for the solitary nodule and sub- 
total thyroidectomy for the multinodular 
goiter. ‘This seems to be rational and ade- 
quate therapy for a tumor of this nature. 


HURTHLE CELL 


The Hiirthle cell tumor, while not rare, 
has been infrequently reported. In 1951 we 
reported 25 cases (3). Since that time an ad- 
ditional 48 have been seen and treated at 
this clinic. They now constitute 2.4 per cent 
of our cases of thyroid disease and 28.7 per 
cent of our cases of thyroid cancer. 

Sixty-three cases, or 86 per cent, were 
found in females and 10 cases, or 14 per 
cent, in males. Our patients ranged in age 
from 21 to 75 years with the average age 
being 47.9 years. In the majority of cases the 
specimen contained a solitary nodule but 20 
occurred in a multinodular goiter. 

Pathology. ‘The characteristic tumor cell is 
a large polyhedral cell with pale acidophilic 
granular cytoplasm, a distinct cell border 
and a vesicular, rather pale nucleus (Fig. 
2). Invasion of the capsule occurred in 50 
per cent of the specimens but in none was 
there evidence of blood vessel invasion. 

Treatment and follow-up. Nearly all of 
these patients were treated by lobectomy on 
the affected side with excision of the isth- 
mus or by subtotal thyroidectomy. In the 
presence of palpable lymph nodes excision 
was performed followed by roentgen therapy. 

The follow-up period has varied from 2 to 
18 years (average 10.2 years). Of the 73 
patients, 62 are alive, and 60 are well and 
without evidence of disease. Only 7 are 
dead, 2 of the thyroid disease, the others 
from known causes not associated with 
thyroid disease. The survival rate is 96.8, 
per cent, the apparent cure rate 93.7 per 
cent. In our opinion total lobectomy is a 
sufficiently radical procedure for cure in 
the majority of cases. In the few late cases 
with paipable nodes, total thyroidectomy 
with lymph node dissection followed by x- 
ray therapy should prove adequate. More 
radical surgery does not seem justified. 





CLEAR CELL TUMORS OF THE THYROID 

This tumor has been infrequently re- 
ported in the American literature. From our 
experience (5) 6 cases have previously been 
reported from a series of 3,024 surgical goi- 
ter, or an incidence of 0.19 per cent. All of 
these patients were women with an average 
age of 43 years. None of them manifested 
any toxic symptoms or any sign of hyper- 
parathyroidism. The preoperative diagnosis 
in 2 cases was nontoxic nodular goiter and 
in 4 cases, solitary adenoma. 


Pathology. Grossly all these tumors ap- ' 
soft FF 
orange-brown nonlobulated cut surface dot- 7 


peared well encapsulated with a 


ted with multiple small cystic spaces. On 
histologic examination the clear cells were 


large and polygonal with water-clear cyto- i 
plasm or were vacuolated and contained | 


pink granules. Mitotic figures were rare. 
Invasion of blood vessels and thyroid tissue 
present in 2 cases, and in 1 case metastatic 
growth was found in a regional lymph node. 


Treatment and follow-up. In 2 cases lobec- ft 


tomy was performed, and in the other 4 
cases surgery consisted of bilateral subtotal 





thyroidectomy. No radical neck dissections | 


were done and no x-ray therapy was given 


postoperatively. Of these 6 patients, 4 are 7 
alive and 3 are well and clinically free of | 
disease 24 to 18 years (average, 12.5 years) § 


postoperatively. Two of the patients are |) 


dead of the disease. These 2 manifested 
spread of the tumor at surgery and their 
deaths occurred 6 and 15 years respectively 


following thyroidectomy. The survival rate | 
from this type of cancer is 66.6 per cent, the | 
' 


apparent cure rate 50 per cent. 

This does not seem to be a vicious or fast- 
growing cancer, and in most cases bilateral 
subtotal thyroidectomy is adequate therapy. 
If there is evidence of invasion or metastasis 
grossly, then modified neck dissection con- 
sisting of adjacent lymph node dissection is 


justifiable. 


GROUP II LESIONS 


The second group of thyroid cancers com 
prises the dangerous and highly fatal type 
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consisting of the diffuse adenocarcinomas, 
the malignant lymphomas, the hemangio- 
endotheliomas, the solid giant cell carcino- 
mas, and the small round cell carcinomas. 
The average duration of life from diagnosis 
to death is considerably less in this group 
than in the first group. 


MALIGNANT LYMPHOMA 


Malignant lymphoma of the thyroid 
gland is an infrequent lesion, less than 100 
cases having been recorded in the American 
literature according to Sokal’s recent review 
of the published cases. 

The malignant lymphoma comprises 0.16 
per cent of our series of surgical goiters and 


1.9 per cent of our cases of thyroid cancer. , 
Four of these cases were found in females! 


and only 1 in a male. The average age of 
these patients at diagnosis was 60 years and 
the average duration of symptoms less*than 
3 months. 

The signs and symptoms of malignant 
thyroid lymphoma are constant enough to 
present a syndrome. They occur in elderly 
females (average age, 60 years) who develop 
rapid enlargement of the neck with or with- 
out a pre-existing goiter, with dyspnea, 
dysphagia, hoarseness, weakness, and precip- 
itate weight loss. 

Pathology. The gross pathology was that 
of a firm meaty tumor, the cut surface of 
which presented a yellowish-white firm ap- 
pearance. Microscopically, many large fo- 
cal areas of round cells resembling lympho- 
cytes with lymphoblasts were present within 
lobules and in septa. Few or no lymph folli- 
cles were noted. The tumor cells resembled 
mature lymphocytes with dark nuclei and 
very scanty cytoplasm. There was generally 
some variation in the size of the tumor cells 
and infrequent mitosis was noted. Often, 
several areas revealed typical Hashimoto’s 
disease with small follicles and large oxy- 
philic cells. 

Treatment and follow-up. The treatment of 
this lesion consisted of total thyroidectomy 
when possible with complete extirpation of 
tumor and lymph node dissection. This was 
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followed by x-ray therapy with treatment 





to the neck similar to that given for lym- 
phoma of other organs. The usual result 
was a dramatic relief of symptoms and clini- 
cal improvement for a brief period followed 
by a rapidly fatal course in from 4 to 6 
months. However, 2 of these patients so 
treated have remained clinically well for 
over 2 years. The over-all survival rate is 40 
per cent, the mortality rate 60 per cent. 
The apparent cure rate cannot be deter- 
mined. 


GIANT CELL AND SMALL ROUND CELL CARCI- 
NOMA 


A lesion easily confused with thyroid 
lymphoma is the small round cell carcinoma 
of the thyroid. For years no effort was made 
to distinguish the two. Both the small round 
cell carcinomas and the giant cell carci- 
nomas carry a high degree of malignancy, 
are highly invasive, and are commonly not 
resectable. 

In this series there were 8 such lesions, 6 
of them being giant cell carcinomas and 2 
of them being small round cell carcinomas. 
Together they comprise 0.2 per cent of all 
surgical goiters in our series and 3 per cent 
of the thyroid cancers. The average age of 
these 8 patients was 50.3 years and both 
diseases proved to have an exclusive pre- 
dilection for females. 

All of these cases were seen late and all 
patients presented with symptoms of hoarse- 
ness, dysphagia, large rapidly growing neck 
tumors, and recent weight loss. 

Pathology. The giant cell lesion of the thy- 
roid usually forms a large tumor mass 
which is opaque and whitish-yellow on cut 
surface. Our specimens were composed 
either of large spindle cells or large poly- 
hedral cells with scanty stroma. There was 
marked variation in the size and form of the 
nuclei with many giant nuclei present. Mi- 
toses were frequent and the colloid was 
scanty. 

Sections of the small round cell carcii 
noma, on the other hand, revealed a diffuse 
proliferation of small round cells whose nu- 
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clei were round to slightly oval with distinc- 
tive nucleoli. As a rule the cytoplasm was 
scanty and the bulk of the section was com- 
posed of small round cells resembling lympho- 
cytes. Mitoses were present and there was 
marked variation in the size of the nuclei. 
Treatment and follow-up. All these patients 
ywere treated by total thyroidectomy and 
modified neck dissection followed by x-ray 
therapy. The results have been completely 
discouraging. One of the patients with a 
giant cell carcinoma is alive and well 8 
years postoperatively, the rest of both groups 
are dead of the disease. The over-all sur- 
vival rate is 12.5 per cent. 


DIFFUSE OR UNDIFFERENTIATED ADENOCARCI- 
NOMA 


This group of tumors is the third most 
common form of thyroid cancer in our series. 
There were 45 solid or diffuse carcinomas 
in a group of 267 thyroid cancers, thereby 
constituting 16.9 per cent of the thyroid 
cancers and 1.4 per cent of the surgical 
goilters. 

The sex ratio in this category was 5 females 
to 1 male. The average age was 45 years, 
the oldest being 78 years and the youngest 
18 years of age. ‘These tumors were often 
large, hard, and bulky, and frequently in- 
volved more than one lobe. Many of them 
had spread beyond the gland and a number 
of them were not resectable. These lesions 
are highly malignant and rapidly fatal de- 
spite treatment employed unless the treat- 
ment is instituted very early. 

Pathology. Grossly these tumors were hard 
and lobulated and on cut surface usually 
presented a whitish-yellow solid granular 
appearance. The tumor was most often un- 
encapsulated and invaded surrounding tis- 
sue. Histologically the picture was variable; 
it was either a homogeneous proliferation of 
tumor cells or an indiscriminate growth of 
tumor cells in masses or columns with little 
or no tendency to form glandular spaces or 
papillae. ‘There was usually a marked de- 
viation in the size and form of the nuclei 
and mitotic figures were frequent. 
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Treatment and follow-up. In the majority of, § 


instances these lesions were treated by total 
thyroidectomy with a modified neck dissec-, 
tion when feasible. In many cases, excision 
of the bulk of the tumor mass to relieve 
obstructive symptoms was the only practical 
course. Most of the patients received post- 
operative irradiation. The immediate post- 
operative mortality was 4.4 per cent and 
the average known mortality 31 per cent. 
The over-all survival rate was 53 per cent 
and the follow-up percentage 66 per cent. 


HEMANGIO-ENDOTHELIOMA 


Hemangio-endothelioma of the thyroid is 
a rare tumor in America, only 3 cases having 
been reported in the literature according to 
Chesky, Dreese, and Hellwig (4). It is not 
uncommon, however, in the mountainous 
goiter regions of Europe; and in the Swiss 
goiter belt, 16.2 per cent of all malignant 
thyroid lesions are of this type. 

In our series of 3,024 surgical goiters we 
encountered 1 such lesion. The patient was 
a 67 year old white female with a cystic 


firm movable mass in the right side of the + ) 


neck and a nodular enlargement of the left 
side. The clinical features of this disease are 
summarized by deQuervain who reported 
27 cases among 200 malignant goiters. 

A summary of the literature reveals 60 


per cent of these lesions occurred in‘ males) © 


and 40 per cent in females. The median age 
was 49.5 years. According to Chesky, Dreese, 
and Hellwig (4), hemorrhage into a fetal 
adenoma with formation of rubber hyaline 
predisposes to the development of hemangio- 
endothelioma. 

Pathology. The tumor tissue consisted of 
many small oval to round spaces lined with 
atypical cells. The nuclei of these cells were 
round, oval, or spindle-shaped and had one 
or two nucleoli (Fig. 3). There was marked 
variation in the size and shape of the nuclei 
with an occasional giant-sized nucleus pres- 
ent. The cavity of the tumor was surrounded 
with a homogeneous, hyaline, pale staining 
zone in which fibrocytes and groups of 
cavernous blood-filled lacunae were pres- 
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ent. Some of the spaces were invaded by 
tumor cells. No blood vessel invasion was 
noted. 

Treatment and follow-up. A bilateral sub- 
total thyroidectomy was performed without 
incident, the patient experienced an une- 
ventful recovery and is today alive and 
clinically well. The follow-up data available 
in the literature are not so encouraging: 
only 17 case reports are available. Without 
treatment, 7 patients died from a few hours 
to 314 months after admission to the hos- 
pital. Of the surgical patients, 7 died from 
1 day to 4 months after surgery. A patient 
reported by Rice was alive and well 2 years 
after biopsy followed by x-ray treatment. 
The prognosis is grave, at least, and the 
lesion belongs to the dangerous or more 
malignant group, in our opinion. 


DISCUSSION 


Of particular and disturbing interest is 
the fact that thyroid cancer is encountered 
so frequently in the younger age group. 
Ravdin and associates point out that thy- 
roid cancer is not a disease of the older age 
group and that one-fifth of all thyroid can- 
cers occur in patients under 30 years of age 
and close to one-half before the age of 45 
years. Cattell and Colcock report that one- 
half of their cases occurred in patients be- 
fore the age of 45. Our study bears out this 
point since approximately 50 per cent of | 
the thyroid cancers occurred in patients/ 
aged 45 years or younger. 

It is quite well known and reconfirmed 
by this study that nodular changes in the 
thyroid of the male are potentially more 
dangerous than they are in the female. 
Ward indicates that the nontoxic nodular 
goiter will be malignant in 1 out of 17 
males. The ratio decreased to 1 to 44 in the 
female, but in the absolute incidence, fe- 
males exceed males by a factor of 4 to 2. 
This finding is borne out by this study; 
namely, that the solitary lesion is more 
likely to be malignant in the male but is 
more prevalent in the female. 

Combining these two facts brings a pos- 





sible third observation to mind: i.e., that 
thyroid cancers have a relationship to in- 
volutional change in the gland and are more: 
frequently observed around the involu- 
tional age of 45 years, especially in the fe-' 
male. ‘This would indicate also that the 
nodular goiter in both the youth and the 
involutional adult is a potentially dangerous 
lesion and should be removed. 

At the Hertzler Clinic we have the good 
fortune to encounter virgin thyroids in the 
majority of instances. This is in contrast to 
some thyroid clinics where many patients 
are seen after having been subjected to un- 
successful thyroid surgery 1 to 4 times else- 
where before admission. ‘This factor, in part 
we believe, accounts for our excellent re- 
sults with conservative surgery. This point 
is brought out by Stewart who cites a dis- 
crepancy of nearly 30 per cent in the cure 
rate of thyroid cancer between Memorial 
Hospital, New York City, and Cleveland 
Clinic and attributes the discrepancy largely 
to this factor. 

The therapeutic role of roentgen therapy 
must be a minor one in the less malignant 
goiter types and palliative for the most 
part in the more malignant forms of thy- 
roid cancer. The palliative role is important 
in the treatment of cancer composed of 
poorly differentiated cells, and several of our 
patients with lymphoma and diffuse carci- 
noma of the thyroid are alive and well after 
several years, almost entirely because of x-ray 
therapy. The role of radioisotopes is not fully 
ascertained as yet but in general appears to 
be palliative only, and inferior to x-ray 
therapy as adjuvant therapy. ‘Therapeutic 
results with radioactive iodine have been 
disappointing in that it is rarely found that 
the lesion shows sufficient uptake, even 
with stimulation by thyroid-stimulating hor- 
mone, to retain enough radioactive ma- 
terial for a lethal dose to be administered. 
We assign minor roles to both forms of 
therapy at our institution in the belief that 
they are no more indicated in the group I 
cancers than they would be in a postopera- 
tive basal cell carcinoma of the skin. Ex- 








TABLE III.—MORTALITY AND SURVIVAL RATES 


Survival Apparent 


No. of Percent rate cure rate 


Category cases follow-up percent per cent 
Group I (favorable) 
Pure papilloma......... 31 93 92.3 84.6 
Follicular variant....... 33 91 933. 83.3 
Follicular carcinoma..... 13 92 75.0 66.6 
i ae | 73 91 96.8 98.0 
| 6 100 66.6 50.0 
Invasive adenoma....... 52 90 95.7 91.5 
Group II 
Malignant lymphoma.... 5 100 40 sg 
Diffuse adenocarcinoma... 45 76 53 fs 
Small round cell and giant 
SPN ah eee aig ere 8 100 12.5 87.5 
Hemangio- 
endothelioma......... 1 100 100 100 


cision of the basal cell carcinoma of the 
skin followed by almost any form of post- 
operative therapy, including x-ray and iso- 
topes, would yield excellent results, and so 
it is with the group I cancers. 

The fallacy of the radical en bloc dissec- 
tion for thyroid cancer is pointed out by 
Crile in a recent article. Our findings and 
conclusions from injection of dyes are in 
complete agreement. Dye injected into the 
isthmus, the lateral lobes, and the superior 
poles can be traced upward along the 
Delphian node and downward along the 
great vessels in the thorax, laterally above 
and below the carotid vessels and jugular 
vein, and inferiorally around the trachea 
and esophagus. Excision of all involved 
lymph drainage and involved contiguous 
structures cleanly and en bloc is incom- 
patible with life. A modified neck dissec- 
tion (excision of all involved nodes which 
can be dissected free) is more pragmatic. 

This type of surgery may then be followed 
by hormone therapy for the best results. 
We have been treating our patients with 
postoperative thyroid cancer with 1}4 to 3 
grains of desiccated thyroid daily for sev- 
eral years. The results of this form of ther- 
apy have not been evaluated long enough 
or accurately enough for publication, but 
our impression is that the results are quite 
favorable. Crile states that postoperatively 
he gives his thyroid cancer patients 3 grains 
of desiccated thyroid extract daily with 
marvelous results, even to disappearance of 


36 Surgery, Gynecology & Obstetrics - July 1959 


metastatic lesions. From Crile’s results and 
from the initial impression of our own re- 
sults with hormone therapy we can believe 
that it holds bright promise. 

In the final analysis the proof of any 
therapy is in the survival rate and this is 
more meaningful when gauged in years. A 
5 year survival in the group I cancers is 
expected and while a 10 year survival is 
significant, it may be that in the years to 
come we will be speaking and writing only 
in terms of 15 to 20 year survival times as 


significant. But by present standards, a 5 [ 


to 18 year survival time, with an average 


survival rate of 10 to 12 years, speaks well 


for conservative surgery in the group I 
cancers. This is especially significant when 
the note “apparently free of disease’? can 


be placed on a patient’s file, for most re- [7 


currences after goiter surgery occur during 
the first 2 to 3 years. The therapy for thy- 
roid cancer at this clinic then is conserva- 
tive surgery, consisting of lobectomy or bi- 
lateral subtotal thyroidectomy for the most 


part for the group I cancers without me- | 
tastasis and no adjuvant treatment. In the [7 
group II cancers, surgery of a somewhat [7 


more radical nature is indicated with full 
postoperative utilization of adjuvant therapy. 


SUMMARY 


Two hundred and sixty-seven cases of 
thyroid cancer established by pathologic ex- 
amination from among a series of 3,024 con- 
secutive cases of surgical thyroid patients (an 
incidence of 8.8 per cent) are presented. 
These cases of thyroid carcinoma are di- 
vided into two categories: group I, favor- 
able, consisting of the pure papilloma, the 
papilloma with follicular variant, the follicu- 
lar carcinoma, the Hiirthle cell carcinoma, 
the invasive adenoma, and the clear cell 
carcinoma, with an over-all survival rate of 
over 80 per cent; group II, unfavorable, 
consisting of the giant cell carcinoma, the 
small round cell carcinoma, the malignant 
lymphoma, the hemangio-endothelioma, and 
the diffuse carcinoma with an over-all sur- 
vival rate of around 35 per cent. 
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We conclude that conservative surgery 
alone, consisting largely of lobectomy and 
bilateral subtotal thyroidectomy, is ade- 
quate therapy for the less malignant forms 
of thyroid cancer and that the therapy for 
the more malignant forms should consist of 
total thyroidectomy with a modified neck 
dissection and full use of postoperative ad- 
juvant therapy. We are convinced that such 
therapy by present day standards will yield 
excellent results. 
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AND STORED PLASMA 


THE RISK OF HEPATITIS FROM WHOLE BLOOD 


PAUL I. HOXWORTH, M.D., Ph.D., F.A.C.S., WALTER E. HAESLER, JR., B.Sc., and 


HARRY SMITH, JR., Ph.D., Cincinnati, Ohio 


SERUM HEPATITIS is a Calculated risk when- 
ever whole blood or fresh plasma is trans- 
fused. The incidence in whole blood trans- 
fusion ranges from 0.2 to 0.5 per cent for a 
single transfusion and in pools of plasma the 
infectivity may be as high as 22 per cent. 

In earlier publications, the authors re- 
ported the results of a 4 year investigation 
made to determine the effect of storage of 
liquid plasma at temperatures of 72 to 95 
degrees F’. for 6 months upon the activity of 
the virus of serum hepatitis as demonstrated 
by human transmission of the disease (5, 6). 
The study was prompted by the reports of 
Allen and stimulated by the failure of other 
methods to control viral activity in plasma. 

In that study no hepatitis was encounter- 
ed in 282 followed-up patients exposed to 
the plasma of 4,892 donors but to no whole 
blood. In contrast, 6 cases of hepatitis oc- 
curred in a group of 563 patients, each of 
whom received both plasma and whole 
blood. Analysis of the data indicated that 
the whole blood was most likely the cause of 
the jaundice and the safety of stored plasma 
seemed apparent. 

After a review of our data it was suggested 
by Ross Gauld (4) that the hepatitis expe- 
rience with a large group of patients receiv- 
ing only whole blood from screened donors 
bled in the same blood bank would serve as 
the best index for estimating statistically the 
number of cases of hepatitis which should 
have occurred in the plasma group if the 
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plasma had not been stored, and that an in- 
tensive effort should be made to locate the 
15 per cent of recipients of plasma only and 
the 25 per cent of recipients of plasma and 
whole blood who were lost from observa- 
tion, since it might be dangerous to assume 
that such a large group of individuals who 
had not been followed up would have had 
the same hepatitis experience as those who 
had been under observation. 

Accordingly, a follow-up study similar to 
the one previously performed for plasma re- 
cipients was made on patients who received 
whole blood but no plasma during the year 
1956 to obtain a figure on the risk inherent 
in a single transfusion of whole blood for 
comparison with the plasma experience. 
Also, special agencies were employed to es- 
tablish contact with the recipients of plasma 
and of plasma and whole blood who were 
lost from observation during the investiga- 
tion reported for the 4 year period of Jan- 
uary 1953 to January 1957. The data ob- 
tained were then combined with those 
previously assembled, analyzed, and tested 
for significance by statistical methods. 


PREPARATION OF THE MATERIAL 


The 14,445 units of whole blood used in 
the study were processed according to the 
requirements of the National Institutes of 
Health, which include screening for jaun- 
dice by history. No blood was purchased be- 
cause this practice in a metropolitan area 
attracts many donors, including alcoholics, 
who deny disease for fear of being rejected. 

Details of the plasma processing are re- 
corded elsewhere (5). Diluents included 
A.C.D., formula A, and 200 cubic centi- 
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meters of 50 per cent dextrose per 1,800 
cubic centimeters of plasma, resulting in 
approximately 270 cubic centimeters of 
original plasma in each 400 cubic centi- 
meter final container. In the entire study 
there were 148 pools (lots) of plasma with 
a donor population of 5,352. The proc- 
essing conformed to the standards of the 
National Institutes of Health except that 
ultraviolet irradiation was not employed. 
Rigid aseptic precautions were used in the 
handling of the plasma in sterile, closed 
systems. Modified Seitz filtration was em- 
ployed for clarification but not as a sub- 
stitute for other aseptic precautions. Ordi- 
nary pyrogen, bacterial, and hemoglobin 
controls were observed and all plasma was 
released within a period of 30 days after 
the 6 months’ storage at temperatures rang- 
ing from 72 to 95 degrees F. and averaging 
80.6 degrees F. 


DATA AND RESULTS 


Recipients of whole blood. In the whole 
blood survey there were 4,371 recipients of 
10,406 units of blood. There were 776 
deaths, leaving 3,595 individuals for follow- 
up. Of these, 3,349, or 93.15 per cent, were 
followed up and they received 7,315 units 
of blood. None received plasma. There were 
19 cases of hepatitis, an incidence of donor 
blood infectivity of 0.259 per cent (19+ 
7315). This is a minimal figure based on 
the assumption that no more than 1 unit 
capable of infecting the recipient was given 
to the same patient. The 19 patients in 
whom hepatitis developed received 99 units 
of whole blood and none received blood 
from the same donor. 

Eighteen of the 19 patients with hepatitis 
were hospitalized locally for evaluation of 
the cause of the jaundice, and in each of 
the 19 the diagnosis was confirmed by ap- 
propriate laboratory and clinical study. The 
following abstract is an example of the 
criteria used in arriving at the diagnosis: 

Patient B. B., a white male, aged 37 years, was ad- 


mitted to the Cincinnati Veterans Administration 
Hospital for application of a Smith-Petersen cup 
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orthoplasty in the left hip. He received 1 unit of 
whole blood on June 8, 1956 and developed icterus on 
July 31, 1956, 53 days after transfusion. Thymol tur- 
bidity was 17.5 units; thymol flocculation, 2+; ceph- 
alin flocculation, 2+; bilirubin, total 18.4 milligrams 
per cent; alkaline phosphatase, 4.9 units; prothrom- 
bin, 64 per cent of normal. On August 20, 1956 a 
liver biopsy showed active viral hepatitis. 

Recipients of plasma and whole blood. In the 
intensified follow-up, 8 patients were trans- 
ferred to the plasma only group, 9 were 
found to have expired, and 111 more con- 
tacts were made. In the revised data there 
were 1,142 recipients of plasma with a donor 
population of 5,352. These patients also 
received 4,039 units of whole blood. There 
were 410 deaths, leaving 732 for follow-up. 
Contact was made with 674 (92 per cent) 
patients exposed to a plasma donor popula- 
tion of 5,352 and to 2,163 units of whole 
blood. There were 6 cases of hepatitis, an 
incidence of infectivity of 0.277 per cent 
(6+2163) if whole blood was responsible 
and of 0.112 per cent (6+5352) if plasma 
was responsible. No 2 of the patients with 
hepatitis received plasma from the same lot 
and not 1 of the 72 patients followed up 
who received plasma remaining from these 
lots contracted hepatitis. 

Recipients of plasma only. In addition to the 
51 recipients lost from observation in the 
earlier study 8 more were recovered from 
the group of recipients of plasma and whole 
blood when the hospital chart review re- 
vealed that the whole blood issued had not 
been given, making a total of 59 not in- 
cluded in the earlier follow-up. Contact was 
made with 35, leaving 24 not followed up. 
In the revised data there were 496 recipients 
of plasma from pools with a donor popula- 
tion of 5,209. There were 155 deaths, leaving 
341 for follow-up. Data were definite in 317, 
or 92.96 per cent. The 317 were exposed to 
plasma of 118 pools representing 4,961 do- 
nors. None received whole blood. There 
were no cases of hepatitis in this group. 


ANALYSIS OF RESULTS 


In the whole blood study it is important 
to note that the figure 0.259 per cent (19+ 
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7315) represents the incidence of infectivity 
of 7,315 units of whole blood when given 
to 3,349 patients, an average of 2.4 units 
per patient. Exact information as to the 
number of contaminated units in the 7,315 
is unknown, but there were at least 19. It 
is apparent that there were more than 19 
contaminated units in the total if there was 
any recipient immunity or if more than one 
contaminated unit was given to any of the 
19 patients who contracted hepatitis. In the 
analysis to follow the figure 0.259 per cent 
is therefore assumed to be the minimal inci- 
dence of infectivity or of infectious screened 
blood donors in this area and is carried 
over as such into the statistical comparison 
for expectancy of the disease in the recipients 
of plasma only. 

Using this assumption, the expected 
number of infectious units was calculated 
for the 118 lots in which the 317 recipients 
of plasma only participated. ‘The probability 
of at least 1 infectious donor for each of the 
118 lots was first determined by means of 
the binomial distribution, using the figures 
of 0.259 per cent and the donor population 
of each lot. For example, the sum of the 
first 6 terms of the expansion (.00259 + 
.99741)® will give the probability of at least 
1 infectious donor in a lot of plasma obtained 
from 6 donors as .01541. The probability 
increases of course with the size of the pool. 

The expected number of infectious units 
was then obtained .by multiplying the 
probability of at least 1 infectious donor in 
each lot by the number of units of plasma 
obtained from that lot and adding up the 
total for the 118 lots. In this manner it was 
determined that there would have been 
467 infectious units, i.e., ones that should 
produce serum hepatitis if given to a recipi- 
ent, contained in the 118 lots of plasma. As 
hepatitis was not encountered in 317 ob- 
served recipients who participated in these 
lots, the significance is obvious. 

The next step was to determine the 
number of cases of hepatitis to be expected 
in the 317 observed recipients of plasma 
only. The 317 patients participated in 118 
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pools with a donor population of 4,961. 
These recipients were exposed to an average 
of 58 donors. The median exposure was 48 
and the highest 268. The sum of the donor 
exposures for the 317 recipients was 18,484. 
The difference between 4,961 (donor popu- 
lation) and 18,484 (total donor exposure) is 
due to the fact that many of the recipients 
participated in more than one pool. 

For the purpose of the analysis, over- 
lapping participation was disregarded and 
each of the 317 recipients was considered as 
exposed only to the lot from which he first 
received plasma. This procedure establishes 
an independent lot-recipient relationship 
which did not exist, but it permits calcula- 
tions based on the probability figures of at 
least 1 infectious donor in each of the 118 
lots and, since the exposure for each recipi- 
ent was actually greater, results in an ultra- 
conservative estimate of the expected num- 
ber of cases of hepatitis. 

Since the probability of an infectious lot 
is merely the probability of at least 1 in- 
fectious donor in that pool! and since the 
number of recipients in the 317 was known 
for each of the 118 lots independently, the 
number of expected cases of hepatitis for 
each lot may be calculated according to the 
following: 


E(Ni) = Pj Xi 
where E(Nj) = expected number of cases of infec- 
tious hepatitis from the it” lot 
P; = probability of at least 1 infectious 
donor in lot i 
Xj; = number of recipients (in the 317 fol- 


lowed patients) of lot i 


The total number of expected cases in 
the 317 recipients was found to be 39 by 
totaling the E(N;) figures for all 118 lots. 
The deviation of 39 expected cases from 
none observed is statistically significant ac- 
cording to the chi-square test: 


x2 





_ (0 — 39)? + (278 — 317)? 
7 39 317 


X? = 39 + 4.76 = 43.76 (prob. < .001) 


1The assumption is made here that the dilution is unimportant, 
since as much as .001 c.c. will transmit the disease. 
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COMMENT 

In dealing with a subject as important as 
rendering plasma free of viral activity the 
general acceptance of a new method should 
be withheld until it is thoroughly tested. The 
purpose of our studies has been to provide 
conclusive evidence as to the safety and 
effectiveness of room temperature storage 
of plasma and to avoid an experience such 
as occurred with the premature acceptance 
of ultraviolet irradiation of plasma as an 
antiviral agent. 

Allen has reported successful results in 
inactivating the virus dealing with an aver- 
age temperature of 89.6 degrees F. (32 
degrees C.) for 6 months of storage and is 
currently studying the effect of higher 
temperatures for shorter intervals (1, 7). 
Others use higher temperatures for longer 
periods of time with whole plasma, and 
several methods incorporate partial frac- 
tionization with heating at 60 degrees C. 
for 10 hours. Throughout our investigations 
there has been no attempt to deviate from 
the temperatures ordinarily maintained for 
office and laboratory. They have fluctuated 
from 72 to 95 degrees F. and averaged 80.6 
degrees F. (27 degrees C.). The results ob- 
tained with these conditions confirm the 
fundamental observations of Allen and pro- 
vide additional information on the effects of 
fluctuating temperatures averaging 9 de- 
grees F. lower than his. It is our opinion 
that, with a 6 months’ storage period, there 
is no need for an average temperature 
higher than 80.6 degrees F. (27 degrees C.) 
or for constant temperature control. 

Quite apart from the question of viral 
effects, processing plasma and storing it as 
a liquid for 6 months raise questions as to 
the suitability of the product. One of these 
is how much of its effectiveness as a blood 
substitute is retained. In this regard the 
trial product has given satisfactory clinical 
results in rectifying plasma volume deficits 
and in parenteral protein feeding. In the 
laboratory comparisons were made between 
21 day old plasma and the same plasma 
after storage for 7 months. The diluents 
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reduce the total protein in fresh plasma to 
about 5 grams per cent (59 per cent al- 
bumin; A! globulin 2 per cent, A? 7 per 
cent, B 16 per cent, and G 16 per cent). 
After 7 months, proteolysis not exceeding 10 
per cent (5 to 4.5 grams) was distributed 
equally among the albumin and various 
globulin fractions (58 per cent albumin; A! 
globulin 2 per cent, A? 7 per cent, B 16 per 
cent, and G 17 per cent). Fibrinogen assays 
show reductions to 2 per cent of normal. 

A deterrent to the use of this method has 
been the prevalent concern as to the feasi- 
bility of maintaining sterility except in 
specialized laboratories. With standard com- 
mercial equipment and personnel of average 
training in aseptic precautions it has been 
possible for us to effect sterility without em- 
ploying temporary freezing, ultraviolet ir- 
radiation, or modified Seitz filtration. ‘The 
latter was employed for clarification pur- 
poses since it was used routinely only after 
4 months’ storage of the plasma for stabili- 
zation of fibrinogen. Less than 1 per cent of 
the product was discarded because of bac- 
terial contamination and bacterial disease 
was not produced in a single recipient. 
Human pyrogen controls on all lots were 
negative. 

Emphasis that no one should process 
plasma without rigid aseptic precautions 
and trained personnel should not be con- 
strued to mean that it is impracticable in 
small or average blood banks. Isolated re- 
ports of disasters due to bacterial contami- 
nation should encourage more careful atten- 
tion to aseptic precautions with simple 
equipment rather than discourage this by 
imposing ultraviolet irradiation or bacterial 
filtration as safeguards or substitutes. En- 
couragement to blood banks of all sizes to 
salvage plasma from outdated blood and 
from fresher blood used for cell suspensions 
would increase the potential of each bank 
and conserve valuable natural resources. 


SUMMARY 


1. Among 3,349 followed-up recipients of 
7,315 units of whole blood there were 19 
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cases of serum hepatitis. Thus in the Cin- 
cinnati area minimal incidence of infec- 
tivity of whole blood from screened donors 
is 0.259 per cent (19+7315), or 1 in 380. 

2. In 674 followed-up patients exposed 
to plasma of 5,352 donors and 2,163 units 
of whole blood there were 6 cases of hepa- 
titis. Based on the survey of recipients of 
whole blood this number of cases could be 
expected from the whole blood exposure 
alone, since 0.277 per cent (6+2163) would 
be the incidence of infectivity if whole blood 
was responsible. 

3. Pooled plasma obtained from 4,961 
donors and stored for 6 months at room 
temperatures averaging 80.6 degrees F. (27 
degrees C.) failed to produce hepatitis in 
317 followed-up recipients. If the experience 
had been the same as that with whole blood 
there would have been 39 cases of hepatitis 
among the 317 followed-up recipients of 
plasma only. Statistical tests show that the 
probability of the deviation of 39 from 0 is 
less than 1 in a thousand. 
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CONCLUSIONS 


1. The storage of liquid plasma at tem- 
peratures of 72 to 95 degrees F. (22 to 35 
degrees C.), averaging 80.6 degrees F. (27 
degrees C.), eliminated the transmission of 
clinically detectable serum hepatitis in 317 
followed recipients. 

2. Plasma processed in this manner is a 
suitable substitute for whole plasma in its 
major uses. 
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THE USE OF DEXTRANS AS INFUSION FLUIDS 


GUNNAR THORSEN, M.D., Stockholm, Sweden 


Nonsio.ocic colloid solutions were used 
100 years ago for research purposes. In 
1863, C. Ludwig of Vienna perfused kidneys 
of pigs with a 3 per cent solution of gum 
arabic. He did not state reasons for using 
it, nor from whom he perceived the idea. 

In 1891, A. Heffter of Leipzig published 
an excellent and logically planned series 
of experiments on the working capacity 
of the perfused heart of the frog. He con- 
cluded that, in addition to the blood cells, 
the physical and not the biologic properties 
of the suspension fluid were the all-im- 
portant factors. The physical properties of 
an artificial plasma ought to resemble those 
of the serum. 

In 1896, Ernest Starling demonstrated 
that these physical properties were de- 
pendent on the colloids in the suspension 
fluid and that these were of fundamental 
importance to the intravascular retention 
of fluid and to the total circulation of fluid. 

Not until 20 years after Heffter’s dis- 
covery was it realized that nonbiologic 
colloid solutions might be used for thera- 
peutic purposes. On December 15, 1911, 
the German periodical Kolloichemische Bei- 
hefte received an article entitled ‘Zur 
Theorie and Praxis der Transfusion” by 
James Hogan and Martin Fischer, from 
the Josef Eichberg Laboratory for Physiology 
in Cincinnati. 

Although Hogan and Fischer knew about 
Heffter’s work, they probably did not know 
about Starling’s. They reviewed in their 
article the differences in the water-binding 
ability between colloid and noncolloid solu- 
tions, their diffusibility, and the resulting 
differences this made to intravascular fluid 
retention and blood volume. They made 
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quantitative studies of the urinary excre- 
tion in rabbits that were given intravenous 
solutions that also included a 2 to 24 per 
cent solution of gelatin in saline. They 
were aware that the presence or absence of 
urinary excretion did not necessarily imply 
that the infused fluid had remained in the 
intravascular compartment. The purpose 
of their experiments was to find out the 
principles in the treatment of different con- 
ditions associated with hypotension. They 
mentioned that in hemorrhagic and trau- 
matic shock an increase in the blood volume 
ought to be effective therapeutically, but 
that this could not be counted on in septic 
shock. Blood transfusions ought to be ef- 
fective, but were too difficult and dan- 
gerous, and human serum was too com- 
plicated to obtain. Hydrocele fluid, ascitic 
fluid, human milk, and horse serum were 
discussed as possible transfusion fluids. ‘The 
ideal fluid, they believed, would be a colloid 
solution made from nonhuman material. A 
certain “disturbance” stopped their work. 
They promised to return with a detailed 
discussion about shock treated according to 
their principles, as soon as this ‘‘disturbance”’ 
had been overcome. 

Hogan’s gelatin solution was in readiness 
on March 3, 1913, when B. F. Alden at the 
French Hospital, San Francisco, treated a 
39 year old Italian laborer whose right 
leg had been crushed by a falling log on 
the previous day. His left leg had also 
been fractured and much blood had been 
lost. He was in severe shock, and after his 
leg had been amputated under spinal 
anesthesia he became pulseless and death 
seemed imminent. After 500 cubic centi- 
meters of gelatin solution were given, his 
systolic pressure rose to 125 millimeters of 
mercury and his pulse rate fell from 130 to 
88. He made ‘‘an uneventful recovery.” 
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Eight more patients were treated with 
intravenous gelatin solution. Among these 
were 1 with hemorrhagic shock after de- 
livery and 2 with appendiceal peritonitis, 1 
of whom had repeated large intestinal 
hemorrhages. An infusion before operation 
was given to 1 patient with pleural empyema 
who was unconscious and pulseless. Another 
patient with advanced gastric cancer and 
pyloric stenosis was made operable by giving 
an infusion of gelatin. The therapeutic 
effect was dramatic in these patients, and 
they all survived. Three patients with 
severe septic shock died from their disease 
although they responded favorably to the 
infusion. ‘The amount of solution which 
was given varied from 500 to 850 cubic 
centimeters. ‘ 

This was an important moment in the 
history of medicine! Hogan had introduced 
a new therapeutic principle—the infusion 
of an artificial nonbiologic colloid solution 
for the preoperative and postoperative treat- 
ment of conditions associated with a di- 
minished blood volume. 

This medical discovery was sorely needed ! 
World War I started. Hogan’s new method 
had already saved 6 lives. Within a few 
years it would save the lives of thousands. 

The work of Bayliss in England in 1916, 
the work of the Allied Committee on 
Shock, and the experiments by Allied scien- 
tists and the experience with war injuries 
soon gave much information about the 
therapeutic possibilities of the nonbiologic 
colloid solutions. 

Gum saline was used because it was 
thought that gelatin entailed some risk of 
transmitting tetanus infection. 

After it had been established that any 
colloid solution with the proper physical 
qualities would be as good as plasma for 
the treatment of hypotension, the search for 
suitable colloids started. Since in some cases 
more than 500 grams of the colloid cal- 
culated as dry substance are injected, the 
colloid surely must have special properties. 
The requirements necessary for such col- 
loids are, according to Grénvall: 





1. The colloid should have molecular dimensions 
which guarantee an adequate colloid osmotic effect. 

2. The solution should have a colloid osmotic pressure 
and viscosity of the same order of magnitude as blood 
plasma. 

3. The colloidal substance should be as little foreign 
to the body as possible and have no toxic properties. 
It should cause no injury by being stored up in the 
body tissues and organs, but should be eliminated 
from the body through metabolization or excretion. 

4. The colloidal substance should remain in the blood 
during a sufficiently long time and at the concentration 
adequate to warrant a therapeutic effect. 

5. The solution should not develop pyrogenic or 
allergic reactions. It should not develop sensitivity 
through antigenic properties. 

6. The solution must stand sterilization by auto- 
claving and be free from virus contamination. 

7. It should be possible to produce the solution with 
constant and clearly defined properties. 

8. The solution should be stable enough to be stored 
for long periods of time under varying temperatures. 


After testing a large series of colloids it 
may now be concluded that dextran fulfills 
these requirements better than any of the 
others. 


INTRODUCTION OF DEXTRAN 


The introduction of dextran was due 
first to a coincidence, second to 2 un- 
successful experiments, and third to logically 
performed research first in Sweden and 
then especially in the United States and in 
England. 

In the summer of 1942 Bjérn Ingelman 
in Uppsala was studying the colloids in the 
juice from sugar beets. On one particular 
day when it was very warm, the refrigera- 
tion was insufficient during the shipment 
of the beet juice to Uppsala. Ingelman 
was unaware of this misfortune and he now 
found a macromolecular colloid that he had 
never seen before. This new substance to his 
disappointment turned out to be dextran, 
whose existence had been known to the 
sugar chemists for about a hundred years. 
Through a coincidence, the beet juice had 
been contaminated by a bacteria, Leuconos- 
toc mesenteroides, common in sugar refin- 
eries. When this bacteria grows it splits 
the saccharose of beet juice, consumes the 
fructose, and polymerizes the glucose into 
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enormous molecules, increasing the viscosity 
to such an extent that it creates difficulties 
in the production of sugar. Furthermore, 
the yield of sugar is diminished. 

Ingelman tried to turn his defeat into 
victory by looking for a method to identify 
dextran in minimal amounts. He thought 
of serologic methods and tried to sensitize 
rabbits with highly purified dextran. His 
attempts failed, as his dextran was not 
antigenic for rabbits. 

Ingelman and Anders Grénvall, who 
worked in Tiselius’ institute also, then per- 
ceived the idea of using the substance as a 
colloid transfusion fluid. ‘They injected from 
5 to 40 cubic centimeters of 1 to 3 per cent 
solutions into rabbits. All the animals died, 
showing damage to the kidneys and liver. 
Here the experiment might have ended. 

They asked themselves, however, whether 
the deaths could have been due to the 
aggregation of blood cells brought about 
by the enormous dextran molecules. ‘They 
then tried to reduce the size of the dextran 
molecules by acid hydrolysis. They worked 
to find the proper degree of hydrolysis 
necessary and studied the permeability of 
the glomerular membrane to polysaccharides 
with long-chained molecules. 

Gradually, they were able to continue 
their experiments with rabbits and cats. 
Experimental shock was produced in these 
animals by bleeding, crushing, or injection 
of histamine, and then with the new solu- 
tions a favorable effect on the blood pressure 
was achieved as they had originally an- 
ticipated. They observed also that the 
smaller dextran molecules did not cause 
any histologic lesions nor did they affect 
the growth of young animals. Their ex- 
periments, however, were limited to only 
a small series. 

This was the situation on November 28, 
1943, when Ingelman and Grénvall pre- 
sented their findings to the Swedish Surgical 
Society. Many questions arose, Would this 
substance be better than the colloids previ- 
ously tested? Was it harmless? Was it metab- 
olizable? World War II was raging. There 
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was no time to wait for any extensive animal 
experiments. 

In order to avoid unnecessary hazards, the 
clinical trials first were limited to the Central 
Hospital of Orebro. The trials there were 
carried out under the guidance of Professor 
Gésta Bohmansson and the laboratory stud- 
ies were planned and supervised by Doctor 
Wilander. The assignment of administering 
the dextran and making the firsthand clinical 
observations was given to me. 

First we gave the compound purely for 
test purposes to patients in advanced stages 
of cancer, without any therapeutic objective 
in mind. We began our experiments at the 
beginning of 1944, and on March 18 the 
substance was given for the first time for 
therapeutic purposes. The patient was a man 
of 34 who had fallen 60 feet and sustained 
compound fractures of his right forearm as 
well as a complicated cubital dislocation and 
a tear of the brachial artery. He had lost a 
great amount of blood, his left arm was also 
fractured, and he had costal fractures with 
pneumothorax. He was pale, cold, and apa- 
thetic and sweated profusely. His pulse was 
rapid and filiform, but his blood pressure 
stayed at 120 millimeters of mercury. After 
he was given 700 cubic centimeters of dex- 
tran, all signs of shock disappeared. His 
systolic blood pressure rose first to 175 milli- 
meters of mercury and then stabilized itself 
at 150. The patient then was well able to 
stand an operation. 

A couple of days later I performed my first 
operation for a carcinoma of the rectum. The 
patient felt well the day after surgery, but 
might he feel even better if he were given 
dextran? After he had received about 50 
cubic centimeters he became pulseless, un- 
conscious, and stopped breathing. After a 
short while, however, he recovered. If he 
had been the first of our patients to get 
dextran we would probably have stopped 
testing the compound altogether. 

However, improvements in the prepara- 
tion of the compound were made and we 
continued to obtain good results. Soon Hugo 
Rosenqvist began his investigations with dex- 
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Fic. 1. The diluting effects of dextran and saline on 
the plasma proteins are about the same. After dextran 
the colloid osmotic pressure is maintained; after saline 
there is a marked decrease. If dextrose in water is in- 
fused instead, the influence on the electrolytes also has 
to be taken into consideration. 


tran in the treatment of shock from burns, 
at the St. G6ran’s Hospital in Stockholm. In 
1947 he was able to report that dextran 
could be substituted for plasma in the treat- 
ment of shock due to burns. 

In the autumn of 1944 I was allowed to 
organize the research project with dextran 
at the Serafimer Hospital in Stockholm. 
Furthermore, it was agreed that for a period 
of 3 months I would give dextran to every 
other major surgical case at 3 large hospitals 
in Stockholm, and that the control cases 
would get corresponding amounts of saline 
solution during and after the surgery. 

In order to obtain more experience with 
traumatic shock, instructions were given to 
the ambulance services in Stockholm to bring 
traumatic shock cases to the Serafimer Hos- 
pital. ‘The instructions seemed very effective, 
for the very next day I was called to the 
emergency ward. The first 2 cases had 
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arrived! They turned out to be my 2 oldest 
daughters, who had run into a car while 
sleigh riding. However, they did not need 
any dextran because they had only simple 
fractures and showed no signs of shock. 

When we began our investigations at the 
Serafimer Hospital we knew that the sub- 
stance had a favorable clinical effect and 
that numerous laboratory tests had failed to 
demonstrate any ill effects. Hint, my Es- 
tonian assistant, who was unusually capable, 
and I had to face many problems, however. 
Satisfactory laboratory micromethods for the 
determination of dextran in body fluids had 
to be worked out as a practical clinical 
method for measurement of the serum pro- 
teins that would not be affected by the pres- 
ence of dextran. Methods for measuring the 
colloid osmotic pressure had to be tested. 
At the same time experiments were started 
on: (1) tolerance for dextran and overdosage; 
(2) oxygen saturation tests in blood; (3) 
wound healing studies; (4) substitution ex- 
periments after hemorrhage; (5) the effect 
on the suspension stability of the blood and 
on the intravascular aggregation; (6) the 
effect of dextran on the plasma proteins and 
its fractions; (7) the effect of dextran on the 
resistance against infections and upon pas- 
sive and active immunizations. 

At the end of 1945 dextran was sent to 
England and in 1946 it went to the United 
States. Research was started by different 
groups in these countries. After clinical trials 
and experimental studies for 3% years dex- 
tran was recommended for general use in 
Sweden and on July 1, 1947, the compound 
was put on the Swedish market. 

However, new problems soon turned up. 
Reports from the United States indicated 
that histologic lesions could be seen after 
using the Swedish dextran and that frequent 
reactions were observed in healthy volun- 
teers. Reports came from England that sero- 
logic methods had shown that the dextran 
was temporarily stored in the tissues. Stain- 
ing methods had been developed which dyed 
the dextran that had been precipitated by 
alcohol in the tissues. There were other re- 
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ports of antigenicity, reactions in immunized 
persons, and hemorrhagic tendencies in per- 
sons given dextran; white rats had shown 
anaphylactoid reactions. The dextran which 
was produced in the United States was said 
to cause none or only a very few of these 
reactions. We continued to achieve good re- 
sults in clinical cases in Sweden. The Mayo 
Clinic and the Evans group in Richmond 
also had good therapeutic results with the 
Swedish dextran. ‘The reports were confus- 
ing, to say the least. However, a great deal of 
good came from these contradictory experi- 
ences. They stimulated intensive research, 
mainly through the National Research Coun- 
cil of the United States, and most of the 
mysteries were solved. 

Dextrans of different types were known 
but not the differences in clinical effects. 
Different leuconostoc strains made dextrans 
with different degrees of branching and dif- 
ferent molecular shapes. The same bacteria 
made different kinds of dextrans. The Ameri- 
can bacterial strain B 512 proved to produce 
not only the most homogenous type of dex- 
tran but also one with the lowest degree of 
branching. The American scientists also 
worked with dextran having a lower molec- 
ular weight. 

The reactions of healthy normovolemic 
persons proved to be directly related to the 
size and to the degree of branching of the 
molecules. ‘The same proved to be true of the 
antigenic properties. Likewise it was proved 
that there was no connection between the 
reactions to dextran and the immunization 
against salmonella and certain pneumococci. 
The hemorrhagic tendency which we and 
most clinical investigators had never ob- 
served was found to be connected with cer- 
tain molecular properties. 

American scientists were able to prove 
with the help of radioactive dextran that it is 
broken down and metabolized in the or- 
ganism. Dextranases were demonstrated in 
the tissues. 

It was shown that storage of dextran in 
the tissues was only temporary, and it varied 
with the amount and the size of the mole- 
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Fic. 2. The colloid osmotic pressures of dextran and 
plasma proteins in mixtures. The determined pressures 
due to interaction are higher. 


cules. Only the larger molecules were stored, 
and they did not cause any functional or 
organic damage after ordinary doses. Histo- 
logic changes could not be demonstrated. 
The changes observed in the kidneys were 
of the hyperosmotic type without any clini- 
cal significance and always reversible. 

The most suitable molecular size is still a 
matter of debate. Boyd and co-workers as 
well as Wilkinson in England recommend a 
high molecular dextran with at the most 10 
per cent lying below the excretory threshold 
of the kidney. They have reported good re- 
sults in a limited number of cases. 

The discussion regarding the best molec- 
ular size is still mainly based on theoretic 
reasoning. Extensive experimental and clini- 
cal research is necessary’ to answer this 
question. It is possible that different clinical 
conditions may respond differently to dif- 
ferent molecular sizes. In the future, in order 
to make comparison of results possible, it 
will be necessary for each of the investigators 
to define the type of dextran that is being 
used. 










































48 Surgery, Gynecology @& Obstetrics » July 1959 


CLINICAL ASPECTS ON DEXTRAN AS A COLLOID 
INFUSION FLUID 


As pointed out in the beginning, the clini- 
cal effect of dextran is due to its colloid 
activity. The diluting effect and the effect on 
the colloid osmotic pressure may be seen from 
Figure 1. 

The colloid osmotic effect is greater than 
the sum of the effect of the colloid com- 
ponents because of interaction between the 
colloids. This is illustrated by Figure 2. 

The dilution of the plasma proteins is 
compensated for by the colloids adminis- 
tered (Fig. 3). The diluting effect is propor- 
tional to the amount of colloid administered 
and the size of its molecules. The molecular 
size, in turn, determines how fast the colloid 
is excreted through the kidneys and diffused 
into the extravascular spaces (Fig. 4 and 
Table I). 

The increase in the plasma volume by the 
colloid depends upon whether the individual 
is normovolemic or oligovolemic and on 
whether he has a normal or a low colloid 
osmotic pressure. The increase is greater if 
the plasma volume is reduced and the colloid 
osmotic pressure is low. The increase in 
plasma volume is also dependent on the 
amount of fluid in reserve outside the blood 
vessels and the amount of fluid administered. 
The smaller the amount of fluid that can be 
mobilized, the smaller the increase in the 
plasma volume. Lastly, the increase is de- 
pendent upon the distribution of the molec- 
ular weights and the amount of colloids re- 
tained intravascularly. Depending on these 
factors the increase in the volume of the 





TABLE I, 


Urinary excretion 








No. of after 24 h., per Dextran level (mgm. per 100 ml.) in serum at various intervals 
persons cent of total after infuston, hrs 
infused Preparation No. Average intr. visc. amount infused 2 24 48 168 
10 184 0.203 57 380 160 90 2 
19 191 0.232 45 450 240 170 10 
10 198 0.244 44 540 320 210 30 
7 200 0.253 44 520 340 220 
5 201 0.255 43 570 300 220 
5 206 0.270 36 571 294 214 
3 202 0.282 29 710 450 320 
5 203 0.294 25 670 410 300 70 
With increasing intrinsic viscosity, i.e., increasing molecular weight, decreasing amounts of dextran are excreted and increasing amounts are 
retained intravascularly. The larger molecules are also retained for a longer time. 


plasma sometimes falls below, sometimes 
corresponds to, and sometimes exceeds the 
amount of dextran solution administered. 
After overdosage in volume or osmotic pres- 
sure, the excess material leaves the intra- 
vascular space in a short time (Fig. 5). 

With the doses used for clinical purposes 
the dilution of the plasma protein makes no 
apparent difference to the vital processes and 
does not affect wound healing, coagulation 
time, immunologic state, or the like. How- 
ever, it may be necessary to increase the dos- 
age of sera used for passive immunization. 

If the patient has severe anemia the dilu- 
tion of the red blood cells may lead to 
peripheral hypoxemia, a risk that must be 
counteracted by blood transfusion. If the 
red cells are reduced less than 25 per cent or 
at most 50 per cent, this is compensated for 
by re-established circulation caused by the 
increased plasma volume. The length of time 
the dilution lasts depends upon how much 
colloid is administered and how it is filtered 
through the capillary membranes. 

Time will not allow me to go into the vast 
experimental and clinical research upon 
which the clinical use of dextrans is founded. 
I shall only take up a number of practical 
points which are connected with different 
conditions. 


DEXTRAN IN HEMORRHAGIC AND TRAUMATIC 
SHOCK 


After studies on war casualties in the 
Korean conflict, Artz, Howard, and Frawley 
recommended the following ratio of dextran 


to blood: 
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6.6 Ratio 
1,000-1,500 Dextran alone 
1,500-—4,000 1 dextran: 1 blood 
4,000-7,000 1 dextran: 2 blood 
Over 7,000 Maximum dextran 2,500 c.c. 


Remainder blood 


Their results with this ratio were very satis- 
factory. 


DEXTRAN IN BURN SHOCK 


Rosenqvist and I in 1950 recommended 
dextran instead of plasma in burn shock at a 
ratio of 2 to 1 between dextran and blood, 
the amount being varied according to the 
individual need. Birke, Liljedahl, and Troell 
recently recommended the same ratio unless 
more than half of the body surface was 
burned when they recommended a greater 
proportion of blood. The calculated death 
risk in their series of 292 cases was 11.3 
cases in group 1, 7.3 cases in group 2, and 
20.3 cases in group 3, while their actual 
mortality amounted to 4, 6, and 17 cases, 
respectively. Thus the treatment of burns 
with 2 parts dextran to 1 part blood gives 
just as good results as the best reported with 
other methods of treatment. 

If necessary, dextran alone or combined 
with only small amounts of blood can be 
used for both hemorrhagic shock and burns, 
even in advanced cases. This is seen from 
clinical experiences in Sweden and reports 
from Korea. In Sweden 2 cases with a 60 per 
cent burn and 1 case with a 70 per cent 
burn were carried through with 10 to 16 
liters of dextran and 1.2 to 2 liters of blood. 

Nonbiologic solutions have one great ad- 
vantage over other agents for treating shock 
in that they can be stored for any length of 
time without any special precautions. ‘They 
can be kept available in any place where an 
emergency may arise. They are specially 
useful for smaller hospitals without blood 
banks. Another advantage is that they can be 
given at once without any serologic pretest- 
ing, without any risk of pyrogenic reaction 
or of virus infection. In addition, they are 
less expensive than blood or plasma, need no 
particular organization, and do not take 
people away from the rest of their work. 
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Fic. 3. The concentrations of plasma proteins and 
dextran in a case of peritonitis. 


It must be remembered, however, that 
neither dextran nor other nonbiologic colloid 
fluids transport oxygen or add nitrogen, 
even though Jaenike and Waterhouse showed 
that dextran saves nitrogen and phosphorus 
and has an antiketogenic effect. An attempt 
must be made to keep the patient properly 
nourished, therefore, and, according to ex- 
perience in Korea, the hematocrit level 
should not be allowed to fall below 20 to 25. 


DEXTRAN IN GENERAL SURGERY 


It is the general practice in most places 
nowadays to give blood during and after 
major operations. It is usually considered 
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Fic. 4. Below 10,000 in molecular weight the molecules 
pass freely through capillary membranes; at 20,000 
they are partly restricted; at 50,000 they are almost 
totally restricted by the glomerular membrane (Wal- 
lenius). 
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Fic. 5. Although enormous amounts of dextran were 
injected in this experiment, the rise in colloid osmotic 
pressure was moderate and of short duration, and the 
diluting effect of each injection is prolonged because of 
the large amount of dextran injected which corresponded 
to 24 liters for 3 days in a normal adult. 


best to give twice as much blood as is lost. 
In many places, 1 to 3 liters of noncolloid 
solution are also infused. 

I believe that giving so much noncolloid 
solution may cause a disturbance in the fluid 
balance. It often makes the patient listless, 
causes wet lungs, produces edema in the 
operative region, and increases the number 
of postoperative complications. Wilkinson 
has shown that the patients do very well for 
48 hours without fluid. It is a misconception, 
in my opinion, that the patient does better 
if forced to urinate about 1,500 cubic centi- 
meters in 24 hours. 

As far as the blood is concerned most 
people are apt to think along conventional 
lines. Blood is fluid tissue, and a blood trans- 
fusion is a homologous transplant. The ques- 
tion is whether the body treats this tissue in 
any other way than it would another homol- 
ogous transplant. 

There is no doubt that transfused blood 
helps to transport oxygen, and it is vitally 
necessary to the patient with a greatly re- 
duced oxygen-transport capacity. But is it 
wise to give a person large amounts of a 
homologous transplant when he does not 
need its oxygen-carrying properties? 

Unfinished studies of Wiklander at the 
Serafimer Hospital indicate that patients 
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given as much blood as they have lost during | 


gastrectomies have at a certain time not a 
gram more hemoglobin in circulation than 
those who received only dextran. 


There is no reason to believe that a person | 
is less able to stand blood loss during the 
sheltered conditions of an operation than a} 
soldier under the violent stress of a war. If 


believe, therefore, that it is rational to main- 
tain an adequate blood volume with dextran 


as long as no more than three-quarters of a | 


liter of blood is lost. 


In my opinion, consequently, a good rule | 
in ordinary cases would be to give 500 to | 


1,500 cubic centimeters of dextran intra- 
venously during and after major operations 


and to give blood if the loss is estimated to. | 


exceed three-quarters of a liter and then no 
more intravenous fluid unless postoperative 
losses call for it. Preoperative anemia should 
naturally be compensated. 

If the patient before the operation has 
liver or renal damages or a solitary kidney, 
I prefer dextran to blood because of the 
smaller risk it entails. During the postopera- 
tive period dextran should be given for post- 
operative shock or for shock from peritonitis. 
Some patients with these conditions, who 
show little or no response to transfusions of 
blood and plasma, respond well to dextran. 
Not infrequently dramatic results are ob- 
tained in paralytic ileus and renal insuffi- 
ciency, probably because the colloid causes 
absorption of the edema and the urinary out- 
put is increased by the small dextran mole- 
cules. 

I shall give one example only, that of a 
man of 65 with ileus who had an ileocecal 
resection. A few days after the first operation 
a new mechanical ileus developed which was 
recognized fairly late. The patient had lost 
large amounts of fluid which had not been 
adequately compensated for. After his last 
operation he remained in protracted shock, 
rapidly deteriorating during the night be- 


tween the second and third day. He was 


judged to be beyond human aid by an ex- 
perienced professor of surgery, a prominent 
anesthesiologist, and an experienced in- 
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scious for about 6 hours. He was icy cold 
and his skin had a marbled appearance. His 
rectal temperature was over 104 degrees. 
He was pulseless; his abdomen was large 
and distended; there was total retention of 
the gastric contents, anuria, and the non- 
protein nitrogen measured 200 milligrams 
per cent. He was given a forced infusion of 
2,000 cubic centimeters of dextran, later on 
glucose with alcohol, and alcohol rubs. Less 
than an hour later he opened his eyes and 
recognized his wife. The next day the gastric 
tube was removed. Urinary excretion started 
and other functions returned to normal. 


DEXTRAN IN INTERNAL MEDICINE 


Wallenius and others have reported ex- 
cellent results from the use of repeated infu- 
sions of dextran in patients having the ne- 
phrotic syndrome (Fig. 6). Dextran has also 
proved useful for hypoproteinemic edema 
with ascites and has tided some patients 
over acritical period in reversible conditions. 
Dextran has been given to children and 
adults with severe diarrhea to help the circu- 
lation, increase the blood volume, and coun- 
teract dehydration and hemoconcentration. 
Favorable results have also been reported 
from the treatment of shock accompanying 
botulism and black water fever. Vara found 
that the toxemia of late pregnancy re- 
sponded well to 500 to 3,000 cubic centi- 
meters of salt-free 10 per cent dextran solu- 
tions infused slowly over a few days. 


DEXTRAN IN WAR AND MASS CASUALTIES 


The value of dextran in war and mass 
casualties is too obvious to need any com- 
ment. I shall only mention that in Sweden 
the plans for transfusion treatment both for 
civil and military defense are based on the 
use of dextran in the first aid stations, with 
blood as a supplementary aid in units placed 
farther back. 


REACTIONS AFTER INFUSIONS OF DEXTRAN 


With the present specifications for Swedish 
and American dextran, which are almost 
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Fic. 6. Effect of dextran injections on body weight 
in a case of nephrotic edema (Wallenius). 
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identical, side effects are very infrequent. 
However, no exact figures have been forth- 
coming in recent years. There is still reason 
to be cautious if the patient is allergic. I 
have myself seen occasional reactions in 
allergics. 

All infusions of dextran should be started 
as a biologic test, with 50 cubic centimeters 
given slowly to see how the patient reacts. 
The patient should be supervised during the 
infusions. As in all treatment with parenter- 
ally administered fluid, the question should 
be: What is the smallest amount I must give 
in this case? Overdosage should be avoided. 


DEXTRAN AS AN EXPERIMENTAL APPROACH 
TO DIFFERENT PROBLEMS 


From the very start at the Serafimer Hos- 
pital, it was clear that if well defined frac- 
tions of dextran of different molecular sizes 
could be obtained, this would pave the way 
to new methods of experimental investiga- 
tion. At that time such fractions could not be 
obtained. Grénvall and Ingelman hadshown, 
however, that the low molecular dextran 
was excreted in the urine. We produced low 
molecular weight dextran from the urine of 
our patients, but we still had no macromolec- 
ular fraction. I then decided to try to make 
the kidneys of a horse do the job. I found 
a horse that was going to be slaughtered be- 
cause of a leg injury. We drew so much blood 
that the horse nearly fainted and then in- 
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fused a thousand Swedish crowns’ worth of 
dextran. This was the most expensive single 
experiment I have ever done. A rubber bag 
was fitted to the horse to retain the urine 
containing the low molecular dextran. 
‘Twenty-four hours later I returned to obtain 
the macromolecular dextran from the blood 
of the slaughtered horse, but nobody seemed 
happy to see me. The insurance company 
that had taken over ownership of the horse 
had decided to have it treated. Well, that 
was the first and last time in my life that I 
wished that a horse would die. 

Shortly afterward it was learned how to 
define fractions of dextran, and Hint and I 
were able to demonstrate the colloid molec- 
ular conditions that determined the aggrega- 
tion and sedimentation of red blood cells in 
vivo and in vitro. The small molecules ac- 
tively counteracted the aggregation of the 
blood cells, and intravascular aggregation 
could be totally or partially eliminated by the 
intravenous infusion of dextran of low molec- 
ular weight. 

Starting from this, Gelin showed that 
anemia developed after intravascular aggre- 
gation, whether it was caused by injury or by 
the injection of macromolecular dextran. If 
the aggregation was counteracted by the in- 
jection of low molecular dextran, no anemia 
developed. He also showed that intravascu- 
lar aggregation caused miliary necrosis in 
the liver, kidneys, heart, and other organs 
and impeded the flow of blood in the capil- 
laries. These effects could be eliminated by 
the administration of dextran of low molecu- 
lar weight. 

Zederfelt showed that intravascular aggre- 
gation caused experimentally by injury or 
macromolecular dextran delayed the healing 
of wounds. When the aggregation was elimi- 
nated the wounds healed normally. Léf- 
strom showed that the intravascular aggrega- 
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tion, impaired capillary flow, and delayed 
healing caused by hypothermia could be 
counteracted by the injection of dextran of 
low molecular weight. 

Borgstrém and his associates prevented 
the development of experimental thrombosis 
by injecting low molecular weight dextran. 
Low molecular weight dextran may open a 
new possibility for the treatment of injury 
and other conditions. By eliminating the in- 
travascular aggregation it can eventually 
eliminate the circulatory disorders following 
the aggregation and the organic injury and 
functional disorder which are probable con- 
sequences. 

The aforementioned conditions would 
never have been studied if Knisely and his 
co-workers had not presented their observa- 
tions on intravascular sludging and their 
epoch-making technique for studying this 
condition. 

After preliminary studies with Bollman, 
Grotte was able with different fractions of 
dextran to clear up important details in the 
ultrastructure of the capillary walls and to 
study how substances of different molecular 
size passed through the blood-lymph barrier. 
Connected with his studies is the fact that 
fractions of dextran can be used for deter- 
minations of the plasma volume in clinical 
and experimental investigations. 

Wallenius has elaborated methods for 
studying the qualities of animal membranes 
by means of dextran fractions. Through 
studies of the glomerular filtration of dex- 
tran, fresh light has been thrown on the 
course of events in ultramicroscopic struc- 
tures in normal and abnormal conditions. 

Fractionated dextran provides excellent 
material for experimental and clinical re- 
search in many different fields of medicine, 
and we have only started to explore the 
many avenues of research it presents. 
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TECHNIQUE FOR MEASURING KINETICS OF IODIDE 





METABOLISM FOLLOWING SURGERY 


EUCLID M. HANBURY, JR., M.D., M.S.(Surg.), and 
WILLIAM H. MULLER, JR., M.D., F.A.C.S., Charlottesville, Virginia 


In 1952, Moore and his associates outlined 
in classic manner the adrenal response to the 
trauma of surgery, noting this response to be 
a function of: (1) the patient’s age, (2) nutri- 
tional and metabolic status, (3) the nature 
of the surgical disease, and (4) the magni- 
tude of the surgical stress. ‘This work imme- 
diately suggested the possibility that the 
function of one or more of the other endo- 
crine glands, particularly the thyroid, might 
also be deranged following surgery. Numer- 
ous authors have investigated the effect on 
the thyroid of increased amounts of circu- 
lating adrenal cortical steroids. Attempts to 
evaluate a primary thyroid response to the 
trauma of general surgery, have, however, 
met with limited success. This may possibly be 
due to the fact that relatively small variations 
in thyroid activity have proved difficult to 
measure and even more difficult to evaluate. 
Some of the reasons for these difficulties have 
been inherent (1) in the 8 day half-life of I’! 
with its fairly high beta-particle energy and 
undesirable cumulative background activity 
on frequent tracing of the same individual, 
and (2) in the dearth of data on the “‘nor- 
mal”’ range of variation daily in parameters 
of thyroid activity in the same individual. 

A previous report presented the use of 
I'? in investigations of thyroid activity in 
man (2). This isotope has a half-life of 2.33 
hours, imparts only one-thirtieth of the radi- 
ation imparted by an equimolecular dose of 
['3!, and is available in convenient form for 
investigation and clinical use. In the present 
study, I'*? was applied to previously de- 


From the Department of Surgery, University of Virginia 
School of Medicine, Charlottesville, Virginia. 
Supported in part by U.S. Public Health Grant A-1846. 


signed tracer techniques which permitted 
the collection of data defining the normal 
range of variation in the kinetics of iodide 
metabolism for each individual. Considera- 
tion of this normal daily variation made the 
postoperative response significant or insig- 
nificant for any individual patient without 
the need for large statistical studies. ‘The 
data from 4 patients are presented. This 
report is presented to show: (1) the appli- 
cability of this method to studies of post- 
operative thyroid function or thyroid- 
adrenal interrelationships, and (2) to 
emphasize the clinical importance of recog- 
nizing, as normal, large daily variations in 
those diagnostic tests of thyroid function 
presently in use. 


MATERIALS AND METHODS 


Only male patients were used, and these 
were traced a minimum of 3 times pre- 
operatively and 3 times postoperatively. 
Exactly 1.0 milliliter of the I'* used as the 
tracer was sealed in an ampule placed over 
the thyroid isthmus (covered by a 0.5 cm. 
thick sheet of plexiglass to simulate the beta- 
particle-absorbing characteristics of the 
skin), and counted using the same geometry 
later used in the uptake determinations. All 
neck counting rates exceeded 200 counts 
per minute against a background of less than 
20 counts per minute. In no case was there 
significant additional background radiation 
from residua of previous tracers in the thy- 
roid. The tracer dose’ was drawn into a 
syringe and this was weighed on an analytic 
balance. At the end of intravenous injec- 
tion, no blood being aspirated, the syringe 


1Approximately 200 microcuries. 
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was reweighed. The difference in weights 
multiplied by the counts per minute of 1.0 
milliliter of 1'*? gave the counts per minute 
of the dose. ‘The neck of the immobile pa- 
tient was counted using a Geiger-Miiller 
tube with constant geometry (19 cm. from 
the skin) and a high degree of collimation 
(32 sq. cm. centering on the thyroid isth- 
mus) every 2 minutes after intravenous in- 
jection of the carrier-free I’. The data 
were discarded from several patients in 
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whom partial extravasation of the tracer 
dose or some movement during the 1 hour of 
neck counting occurred. 

Venous samples were withdrawn without 
tourniquet into heparinized syringes every 5 
minutes. The curves representing neck up- 
take and plasma concentration could then 
be plotted as functions of time (Fig. 1). All 
standards were made from the same solution 
from which the dose was taken, and time of 
neck, sample, and standard counting was 
meticulously kept so that correction for 
radioactive decay could be made with mini- 
mum error. A 10 milliliter venous sample 
was drawn before each tracing for protein- 
bound iodine (PBI) analysis after the 
method of Zak. Blood volume determina- 
tions with I'*! tagged human serum albu- 
min were carried out the day prior to, the 
day of, and the day following operation. 
Urine collections were made at 30 and 60 
minutes following the injection of the dose, 
by means of an indwelling catheter. Fluid 
losses from the body by pleural drainage 
and nasogastric suction were carefully col- 
lected at 30 and 60 minutes and counted. 

At the conclusion of the experiments, i.e., 
after at least 3 postoperative determinations 
had been made in each patient, 2 grams of 
sodium iodide were injected intravenously. 
Thirty minutes later the uptake technique 
was repeated (Figs. 2 and 3). Assuming the 
thyroid to be totally ‘‘saturated” with 
iodine, this procedure guaranteed that no 
uptake would occur. It could then be said 
that the radioactivity “‘seen” in the neck 
was provided by the blood and extracellular 
fluid concentrations of I'*. If the rate of 
equilibration of blood iodide with extracel- 
lular fluid iodide be assumed to be constant 
in the same individual from day to day, the 
curves representing neck uptake in the 
several determinations previous to the sodi- 
um iodide block could then be corrected to 
one representing thyroid uptake (Fig. 4) by 
the equation: 

Thyroid uptake. The true thyroid uptake at any 
time, t, after intravenous injection of a tracer dose of 
I'® is equivalent to the total radioactivity “seen” in 
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the neck minus that portion of which radioactivity is 
not in the thyroid; or 
Thy=N,—E Tht, where (1) 
Th,=true thyroid uptake at any time, t, 
N;,=total radioactivity ‘“‘seen,”’ and 
E Th,=extrathyroidal radioactivity “seen” at 
the same time. 
Now, the extrathyroidal value as it consists of 
radioactivity in the plasma and extracellular 
fluid will be a function of the plasma concen- 
tration; or 
E Th,=K¢ (Pt), where (2) 
P,= plasma concentration at time, t, and 
K,=some function of Px. 
Substituting in (1), 
Thy=Ni—Ke¢ (Pt). (3) 
Then if thyroid uptake be prevented by prior 
saturation with sodium iodide, 
The=0=Ni—K¢ (Pt), or 
Ni= Ke (Pt), and 
K,=(N/P);, where 
(N/P),=ratio between total radioactivity seen 
in the neck at time, t, and the plasma 
concentration at that time. 


Similarly, on another occasion in the same 
patient, 

Thr = Nr—E Thr 

=Nr—K-+(Pr) 
Assuming K to be constant from day to day 
in same individual, or 
Kr = Ki, 
Thr=N7—P7(N/P), 


The assumptions that 2.0 grams of sodium 
iodide injected intravenously would saturate 
the thyroid gland with iodide, preventing 
subsequent uptake of I'*, and that the rate 
of equilibration of blood iodide with extra- 
cellular fluid iodide was a constant in the 
same individual seemed crucial to the 
validity of the technique. Therefore, the 
sodium iodide block was carried out on 2 
successive days in each patient. When the 
curves obtained on these 2 days were not 
superimposable, they differed by a small 
amount consistent with technical error in 
all cases (Fig. 5). 


RESULTS (TABLE 1) 


Though each of the 4 patient studies 
represents a significant experiment in itself, 
all the preoperative data can be grouped 
under the heading “‘Normals” for compari- 
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son with values cited in the literature. ‘The 
postoperative results must be considered 
individually. 

Normals. The mean preoperative 1 hour 
neck uptake for the group was 10.6 per cent 
of the dose and all fell within the previously 
described normal range of 5 to 15 per cent 
dose for this interval. Daily variation ranged 
as high as +15 per cent of the mean per 
individual. 

The 1 hour thyroid uptake (corrected for 
extrathyroidal neck activity) averaged 8.1 
per cent dose for the group and was marked 
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R.H. 
Preop. mean 


Day of surgery 
1st postop. day 
3rd postop. day 
A.R. 


Preop. mean 

Day of surgery 
3rd postop. day 
6th postop. day 


aw 
Preop. mean 


Day of surgery 
3rd postop. day 
7th postop. day 


J.G. 
Preop. mean 


Day of surgery 
2nd postop. day 
6th postop. day 
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TABLE I.—CHANGES IN THYROID FUNCTION FOLLOWING SURGERY 


7 hr. neck up- 

take (% dose) 
11.3 (414%) 
12.8 (+13%) 
15.7 (+39%) 
10.0 (—10.3%) 


11.6 (+15%) 
6.5 (—44%) 
7.6 (—34%) 
10.6 (—8.6%) 


10.1 (+2%) 

6.2 (—39%) 
9.4 (—6.9%) 
10.0 (—1.0%) 


8.8 (+10%) 
4.7 (—46.6%) 
12.6 (+43%) 
9.3 (45.7%) 


7th postop. day} Blocked 


8th postop. day 





7 hr. thyroid 
uptake (% 
dose) 

8.6 (+20%) 
8.0 (—6.9%) 

12.1 (+41%) 
9.6 (+11.6%) 


8.7 (+30%) 
3.3 (—62%) 
3.3 (--62%) 
8.3 (—4.6%) 


8.0 (+4%) 

1.8 (—79%) 
6.0 (—25%) 
6.7 (—16%) 


7.0 (+5%) 
0.1 (—98.6%) 
10.2 (+45.7%) 
5.9 (—15.7%) 


*Normal range for this laboratory =4.5-8 gamma per cent. 
**Thyroid clearance rate. 
The percentages in parentheses following the preoperative mean values represent the range of preoperative variation. The percentages following 

the values obtained on the day of operation and postoperatively express the relationship between these measured values and the individual’s pre- 


operative mean. 


PBI* 
(gammas %) 
7.7 (47%) 
7.0 (—9%) 
5.9 (—23%) 
4.8 (—38%) 


7.3 (+8%) 
7.5 (+3%) 
8.4 (+15%) 
7.2 (—1.4%) 


6.3 (+1.4%) 

7.2 (414.3%) 
6.2 (—1.4%) 

ifs) 


6.3 (+2%) 

5.5 (—12.6%) 
6.0 (+4.8%) 
6.4 (42.2%) 
6.7 (46.4%) 


T.C.R.3* 
(ml./min./ 
1.73M?) 
8.3 (412%) 
13.4 (+59%) 
22.3 (+171%) 
8.4 (+2.1%) 


30.9 (+45%) 
13.3 (—57%) 
12.0 (—61%) 
20.5 (—33%) 


25.9 (45%) 
3.5 (—87%) 
13.5 (—48%) 
16.0 (—38%) 


22.3 (+5%) 
Negative 

31.5 (+28.8%) 
14.4 (—41.1%) 


30 min. 
todide space 
(% body wt.) 
29.9 (415%) 
17.2 (—43%) 
21.7 (—28%) 
32.1 (+7%) 


29.4 (410%) 
29.0 (—2%) 

20.8 (—30%) 
32.2 (49.5%) 


33.5 (+5%) 

20.8 (—38%) 
22.0 (—34%) 
23.6 (—30%) 


56.0 (+10%) 
27.3 (—51.3%) 
28.3 (+49.6%) 
30.9 (—45%) 


28.3 (—49.6%) 
29.8 (—47%) 





30 min. renal 
excretion 
(% dose) 

10.9 (414%) 
1.32 (—88%) 
7.9 (—28%) 

11.0 (+9.2%) 


5.4 (+ 20%) 

5.3 (—8.5%) 
3.5 (—35.2%) 
7.0 (+29.6%) 


5.2 (+ 20%) 
0.23 (—96% 
7.3 (+41%) 
1.3 (—75%) 


2.9 
11.2 
5 


Tek 
6.0 





by a greater degree of daily variation—up 
to 30 per cent of the mean in 1 patient 
preoperatively. 

The 30 to 60 minute thyroidal clearance 
rate fell within a range of 7 to 47.1 milliliters 
per minute per 1.73 square meters of body 
surface. Daily variation per individual was 
quite wide in 1 patient (+40 per cent of the 
mean) although it varied less widely in the 
remaining 3 (+ 10 per cent of the mean). 

The protein bound iodide determinations 
averaged 6.0 gammas per cent. The individ- 
ual variation of this last parameter pre- 
operatively was much less than that seen in 
the uptake determinations, the greatest be- 
ing +8 per cent of the mean (this in a 
patient whose preoperative course was 
marked by extreme anxiety). PBI concen- 
trations in the remaining 3 patients varied 
within +2 per cent of the mean. 

The 30 minute iodide space was com- 


puted after the manner of Berson and Yalow? 
and averaged 37.2 per cent of body weight 
for the group, varying within +10 to 15 per 
cent of the mean per individual from day 
to day. 

The 30 minute renal excretion of tracer 
averaged 8.1 per cent of the dose for the 
group varying by +16 per cent of the 
mean per individual daily. 

Postoperative response. The patients differed 
vis-a-vis age and nature of surgery. Their 
ages ranged from 30 to 68 years. The opera- 
tive procedures were as follows: 

R. H., age 44, segmental resection of apical, pos- 
terior and anterior segments, left upper lobe of lung. 

A. R., age 46, left exploratory thoracotomy. 

T. W., age 68, subtotal gastrectomy. 

J. G., age 30, subtotal gastrectomy. 


There was no uniform response observed 
throughout the group. The individual re- 


2See discussion. 
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sponses are presented in Table I. Figures 6 
to 10 illustrate the postoperative responses 
in terms of each parameter of iodide me- 
tabolism. Throughout these figures the ab- 
scissa is marked off in days. 


DISCUSSION 


As a matter of convenience this section 
may be taken in two parts which are: (1) 
findings unrelated to the stress of surgery, 
and (2) findings possibly related to the stress 
of surgery. 

Findings unrelated to the stress of surgery. 
Most of the previous reports presenting 
or evaluating tests of thyroid function have 
employed statistical analyses of large num- 
bers of individual determinations. A few au- 
thors, however, have done serial determina- 
tions of neck uptake or thyroid clearance 
rates in the same individual and have found 
wide variation in these parameters from day 
to day in the same euthyroid individual. ‘This 
report corroborates these findings and would 
emphasize the paramount clinical signif- 
icance of this concept. Clearly, 2 neck up- 
takes after tracer doses of I'*!, several weeks 
apart, must differ by more than 20 per cent 
of their average value to be significant. And 
for experimental purposes it would seem 
necessary to define the mean value, and 
“normal” daily variation therefor, for each 
experimental subject. 

The finding that the rate at which iodide 
diffuses from the blood into the extracellular 
fluid is the same for at least 2 successive days, 
for each individual lends at least partial 
support for the thesis that this rate is actu- 
ally a constant for each individual. It is not, 
however, a constant for the species, individ- 
uals differing by a factor of 1.2 to 1.8 in the 
present study. This finding does, however, 
permit the more accurate calculation of thy- 
roid uptake than that permitted by neck to 
thigh ratios. The importance of this fact in 
calculating thyroid clearance rates is ap- 
parent. 

Although there is virtually no iodide ac- 
cumulation by the normal thyroid during 
the first or second minutes after intravenous 
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administration of a tracer dose, considerable 
amounts of activity (up to 5 to 10 per cent 
dose) may be “‘seen” in the neck by a well 
collimated tube in this interval (Figs. 1, 2, 
and 3). Thus the extrathyroidal activity in 
the neck is a considerable fraction (upwards 
of 90 per cent) of the neck uptake in the first 
few minutes, declining to a smaller and 
smaller percentage with time (10 to 20 per 
cent at the end of 1 hour). 

Figures 2 and 3 both depict the convergent 
curves representing neck and plasma radio- 
activity concentrations resulting from in- 
travenous I['*? administration after sodium 
iodide blocking. The failure of these curves 
to parallel each other may be attributed to 
one of two causes: Either the thyroid is in- 
completely saturated with I’? and some 
iodide-trapping occurs; or, diffusion of 
radioiodide from the blood into the extra- 
vascular tissues of the neck occurs. That the 
first consideration cannot be the case is sug- 
gested by the fact that repeating the tech- 
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nique the following day with a second 
sodium iodide block failed to alter the differ- 
ence in the slopes of the two curves signifi- 
cantly. The second consideration would ex- 
plain the phenomenon adequately, since 
radioiodide diffusion into the extravascular 
space would contribute to the disappearance 
of radioactivity from the plasma, but not 
from the tissues of the neck. 

Previous reports on the subject of thy- 
roidal response to general surgery have 
considered as significant the difference be- 
tween one uptake determination preopera- 
tively and one postoperatively without cor- 
rection for changes in the renal clearance 
of iodide. The danger inherent in failing to 
define the thyroid response to any given 
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stimulus in terms of normal variation has 
already been emphasized. That changes in 
the renal handling of iodide may produce 
misleading changes in thyroidal iodide up- 
take has also been pointed out. Accurate 
corrections for changes in available iodide 
may probably be most simply accomplished 
by calculating the rate at which the thyroid 
clears the blood of iodide. 

Recently ‘“‘diphasic” thyroidal clearance 
rates have been reported. These reports have 
described thyroidal iodide clearance rates 
which decrease with time after intravenous 
injection of radioiodide. This phenomenon 
has been observed up to 30 minutes after 
injection of the tracer dose. Thereafter the 
rate became more or less constant. The cal- 
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culations of these values have depended, 
however, on estimations of extrathyroidal 
activity shortly after injection of the tracer 
dose which is in serious disagreement with 
the values measured in the present study. It 
must be recalled that accurate calculation 
of the thyroid clearance rate requires ac- 
curate evaluation of the “true” thyroid up- 
take over frequent intervals. This clearly 
requires a good approximation of extra- 
thyroidal radioactivity over several short 
intervals so that extrathyroidal activity may 
be subtracted from whole neck activity, 
leaving true thyroid uptake as the difference. 

Thyroid clearance rates over 5 minute in- 
tervals were also observed to decrease in 
this study for the period from 0 to 30 
minutes after the injection of the dose. After 
30 minutes the rates became more or less 
constant. Several considerations militate 
against acceptance of this finding as a true, 
biologically significant phenomenon, how- 
ever. The first 30 minutes after injection of 
the dose is the period during which the most 
rapid changes occur in plasma concentra- 
tion, extrathyroidal concentration, and thy- 
roidal accumulation of radioiodine; thus, it 
is also during that period that the possibili- 
ties for errors in sampling and counting are 
greatest. During the period from 30 to 60 
minutes after injection the plasma concen- 
tration, extrathyroidal concentration, and 
thyroid accumulation of radioiodide change 
at a much more sedate and regular rate, 
rendering the data then collected more re- 
liable. Furthermore, acceptance of a de- 
creasing thyroidal iodide clearance rate 
after injections of radioiodide would bend 
one to the conclusion that: (1) the thyroid 
cells were capable of discriminating between 
I'*? and I!” and of selectively rejecting the 
one while clearing the plasma of the other, 
or, (2) that the simple act of injection con- 
stituted an immediate and transient stimu- 
lus to the thyroid. For these reasons, the 
thyroidal clearance rates used in this study 
were computed over the period of from 30 
to 60 minutes after injection. 

Findings possibly related to the stress of sur- 
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gery. There being no uniform response to 
surgery, all that may be said is that signifi- 
cantly large variations in all parameters of 
thyroid function occurred on the day of 
operation in 4 patients, returning slowly to 
normal by the third to fifth postoperative day. 

The variations in tests relying on the thy- 
roid uptake, i.e., neck uptake, thyroid up- 
take, and thyroid clearance rate, more or 
less paralleled one another. This was hardly 
surprising, especially when large variations 
occurred. An interesting phenomenon, how- 
ever, was observed on one occasion (R. H.) 
when, on the day of operation, the thyroid 
uptake decreased while the neck uptake in- 
creased. This finding was apparently brought 
about by a profound oliguria at the time the 
tests were carried out, with renal retention 
of iodide causing a higher than normal 
blood concentration and, hence, higher than 
normal extrathyroidal radioiodide in the 
neck. When this neck uptake was corrected 
for the extrathyroidal activity the true thy- 
roid uptake was seen to be lower than at the 
previous determination. The negative thy- 
roid clearance rate calculated for J. G. on 
the day of operation does not cast doubt on 
the validity of the method since the negative 
number was a very small one (0.03 ml. per 
minute), well within the limits of laboratory 
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error, and probably represents a clearance 
rate of nearly zero. 

It was anticipated in these experiments 
that overtransfusion, which occurred ap- 
preciably in 2 of the 4 patients as determined 
by blood volume determinations, and trau- 
matic edema in operative wounds of con- 
siderable size, would increase the iodide 
space significantly, at least on the day of op- 
eration. It was therefore most surprising to 
find that the reverse had occurred (Fig. 10). 


Iodide space. This is an artificial concept represent- 
ing the extrathyroidal and extrarenal volume of dilu- 
tion of radioiodide. The time after injection of the 
tracer is specified since the curve representing the 
disappearance of radioiodide from the plasma is not 
exponential for the first hour and therefore does not 
permit extrapolation back to the moment of injec- 
tion. It is the reciprocal of the plasma concentration 
at time, t, and, corrected for thyroid and renal clear- 
ance of iodide, is calculated thus: 

Iodide space; = Per cent dose retained 





Plasma concentration (per cent 
dose /liter)¢, 
=100 per cent—[thyroid uptake (per 
cent dose)+renal excretion (per 
cent dose) |e. 
Plasma concentration (per cent 
dose /liter), 


All 4 patients suffered a 50 per cent reduc- 
tion of their iodide spaces on the day of sur- 


gery. A change of this magnitude could only 
be caused by a pronounced impairment of 
some extrathyroidal system which usual 
concentrates iodide (thus contributing a 
large percentage of the normal iodide space). 
The stomach and salivary glands were im- 
mediately suspect. This suspicion was par- 
tially confirmed by the finding that the 
iodide space remained at this new low level 
in the 2 patients having 70 per cent gastric 
resections (I. W. and J. G.) returning to 
normal in the 2 whose stomachs were left 
intact. 


SUMMARY 


Certain aspects of iodide kinetics in the 
normal male have been presented. These 
are: (a) The rate at which the thyroid clears 
the blood of iodide is not a constant from 
day to day in the same individual but rather 
varies between wide limits, which limits de- 
fine the normal range of variation for that 
individual. (The clinical importance of this 
is emphasized.) (b) The rate at which iodide 
diffuses into the extracellular fluid from 
blood seems to be a constant in the same in- 
dividual from day to day. (c) The iodide 
concentrating ability of the human stomach 
is markedly impaired on the day of surgery. 

Methods for measuring several parameters 
of thyroid function frequently, in the same 
individual, are presented. These methods 
permit accurate determination of the re- 
sponse of the thyroid to specific stimuli (in 
this case, the trauma of surgery) in terms of 
the normal variation. This last concept is 
noted to have been imperfectly defined to 
date. 
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A REVIEW OF ‘THE COMPLICATIONS OF RESECTION 





IN THE TREATMENT OF PULMONARY TUBERCULOSIS 


IBRAHIM K. DAGHER, M.D., Beirut, Lebanon, F. A. SIMEONE, M.D., F.A.C.S., 
WILLIAM E. NEVILLE, M.D., F.A.C.S., C. WALKER MUNZ, M.D., and 
GEORGE H. A. CLOWES, JR., M.D., F.A.C.S., Cleveland, Ohio 


WHILE THE OVER-ALL RESULTS of pulmonary 
resection for tuberculosis are good, their 
serious complications are common enough 
to warrant careful consideration. 

Tuffier is credited with having successfully 
resected the apex of the right lung for pul- 
monary tuberculosis in 1891, the first suc- 
cessful pulmonary resection for tuberculosis. 
In 1934, Freedlander, working at City 
Hospital of Cleveland,’ resected the right 
upper lobe for a tuberculous cavity. This is 
the first reported complete lobectomy for 
tuberculosis. In 1939 Churchill and Belsey 
designated the pulmonary segment as the 
surgical unit of the lung and proposed the 
idea of segmental resection. Subsequently, 
advances in drug therapy promoted exci- 
sional surgery for pulmonary tuberculosis. 

This study was undertaken to review the 
serious complications of resection in the 
treatment of pulmonary tuberculosis in 207 
consecutive patients operated upon at the 
City Hospital of Cleveland. Before the avail- 
able data are presented, a definition of terms 
is desirable. In this report, a complication is 
considered serious if it delayed convales- 
cence, was life-endangering, or was fatal. 
Such a complication occurred in 27 per cent 
of the patients. Excluded from consideration 
are the trivial problems such as more fever 
than usual, insignificant inflammatory reac- 
tion about sutures in the skin, and minor 
pleural effusion. If all these were to be con- 
sidered, then only 23 per cent had a truly 
uncomplicated surgical convalescence. 


From the Department of Surgery, Cuyahoga County Hospi- 
tal (formerly Cleveland City Hospital), Western Reserve Uni- 
versity School of Medicine, Cleveland, Ohio. 

‘Now Cuyahoga County Hospital. 


MATERIAL AND METHODS 


The records for the 5 years, 1952 through 
1956, were reviewed. There were 207 pa- 
tients who underwent pulmonary resection 
for tuberculosis during this period. All were 
drawn from the Cuyahoga County Clinic 
and represented a random sample of tuber- 
culous patients as seen in this county. As 
judged from x-ray examinations, sputum 
cultures, and clinical evaluation interpreted 
by the medical staff of the Lowman Pavilion, 
the disease was moderately advanced in 38 
per cent of this group. The remaining 62 per 
cent had far advanced disease. The female 
to male distribution was equal. The ages 
ranged between 20 and 68 years with an 
average age of 45 years. All patients had 
received antituberculous drugs for a period 
of at least 4 consecutive months prior to 
surgery. All had had studies of pulmonary 
function. In patients suspected of pulmonary 
hypertension, cardiac catheterization was 
carried out. The suitability for operative 
treatment was determined in all of these 
patients at a combined medical-surgical 
conference. The majority of the recom- 
mended operative procedures were per- 
formed by the resident staff assisted by the 
visiting staff. 


RESULTS 


All the serious complications encountered 
are presented in Table I. Depending upon 
the nature of the complications and their 
time of occurrence, they are grouped under 
the following headings: 

Hypotension and cardiac arrest. These compli- 
cations were recorded if the blood pressure 
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TABLE I.—COMPLICATIONS ACCORDING TO TYPE 
OF OPERATION 


Lobec- 
tomy — Anes- 
Pneumo-  Lobec- and seg- thesia 
nectomy tomy mental alone Total 
No. of operations 44 102 52 9 207 
Complications: 
Hypotension -— — _ 7 7 
Cardiac arrest a = — 2 2 
Hemorrhage 1 5 1 -— 7 
Pulmonary 2 iF 1 -— 10 
Infection 1 3 - _ 4 
Air leak - 6 1 ao 7 
Bronchopleural 
fistula 6 2 1 9 
No. of deaths 5 5 — — 10 
Total complications 15 28 4 9 56 


dropped to such levels necessitating cancella- 
tion of the operation, or its discontinuance 
if already started. Nine such incidents were 
encountered, representing 4 per cent of the 
total operative patients and 15 per cent of 
the complications. Each of these patients 
had cocainization of the throat, had been 
anesthetized, and had been placed in the 
prone position on the operating table. In 7 
of the patients the surgical operation had 
not been started. In 2 of these cardiac arrest 
developed. In the remaining 2 patients 
hypotension developed although they had 
had only minimal surgery and insignificant 
blood loss. ‘There was no death in this group. 

Blood loss. A certain amount of bleeding 
is expected following surgical procedures 
within the thorax. A drainage of 300 to 500 
milliliters of serosanguineous fluid for the 
first day or two after operation has not been 
considered as a complication. Bleeding be- 
yond this quantity occurred in 7 patients 
(3 per cent of the total and 9 per cent of the 
complications). In 2 instances the excessive 
bleeding was attributable to laceration of 
major branches of the pulmonary artery. 
Both of these patients died on the day of 
operation. One of them died from shock due 
to uncontrollable bleeding from denuded 
pleural surfaces after ligation of the main 
bleeding vessels. This patient was a known 
cirrhotic who had bled from esophageal 
varices. The other patient died from respira- 





tory insufficiency following pneumonectomy 
to control the bleeding; pathologic changes 
consistent with cor pulmonale were found at 
postmortem examination. Of particular in- 
terest are the 5 remaining patients who bled 
from denuded surfaces. Hemostasis was 
difficult to effect despite the employment of 
electrocoagulation, temporary gauze pack- 
ing, and the intravenous administration of 
calcium, vitamins K, C, and B complex, 
fresh blood, and fibrinogen. 

In an attempt to determine whether ab- 
normal clotting mechanisms might play a 
part in this bleeding, 4 of these 5 patients 
were studied from this point of view. None 
gave a history of a bleeding tendency in the 
past or showed preoperative abnormalities 
in the clotting properties of the blood. The 
platelet counts were within normal limits 
and the prothrombin index was above 80 
per cent in each one. During the episode of 
bleeding none of the 4 patients had evidence 
of afibrinogenemia. However, the clotting 
time was prolonged to 2 hours in 1 patient, 
and in another the blood had failed to clot 
after 16 hours. This patient had received a 
total of 22 pints of citrated whole blood 
transfusion in a period of 14 hours, and 
enough intravenous calcium to counteract 
the action of the administered citrate. 

Pulmonary. Included under this heading 
are persistent atelectasis, bronchopneumo- 
nia, and spread of the tuberculous process. 
Ten patients fall into this group (4.8 per cent 
of the total and 17 per cent of the complica- 
tions). Postoperative atelectasis developed 
in 4 of them necessitating repeated naso- 
tracheal suction and bronchoscopic aspira- 
tion. In 2 patients bronchopneumonia de- 
veloped. Three had spread of the tuber- 
culous process. None was fatal and all were 
ipsilateral. One of the latter group revealed 
tubercle bacilli which were resistant to 
isoniazid and streptomycin. There were 2 
deaths in this group. The immediate cause 
of death was respiratory insufficiency in each 
case (Table IT). 

Infection of the thoracotomy wound. Infection 
of the thoracotomy wound occurred in 4 
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Sex 

Age, prs. 
W. B. 
M 

60 


a. G. 
; 
30 
W. J. 
M 


45 


F. B. 
M 
58 
F. K. 
M 
46 
V. K. 
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51 


B. F. 
M 
63 


B. W. 
M 
40 
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TABLE II.—PATIENTS WITH PULMONARY TUBERCULOSIS WHO DIED AFTER RESECTION 


Extent of disease 
Bilateral—far advanced 


Bilateral—far advanced 


Bilateral—far advanced 


Bilateral—far advanced 
with silicosis and 
emphysema 


Bilateral—far advanced 


Bilateral—far advanced 


Far advanced 


Bilateral—far advanced 


Bilateral—far advanced 


M.L.R. Moderately advanced 
F 


33 


Pulmonary function 
tests (evaluation) 
Fair risk for left 
pneumonec- 
tomy 


Fair risk for left 
upper lobec- 
tomy 


Poor risk for left 
upper lobec- 
tomy 


Fair risk for left 
upper lobec- 
tomy 

Fair risk for left 
pneumonec- 
tomy 


Will tolerate left 
lower lobec- 
tomy 


Will tolerate 
right pneu- 
monectomy 


Fair risk for left 
upper lobec- 
tomy 


Could probably 
tolerate left 
pneumonec- 
tomy 


Fair risk for right 
upper lobec- 
tomy 


Operation 

Left pneu- 

monec- 
tomy 


Left upper 
lobec- 
tomy 


Left upper 
lobec- 
tomy 


Left pneu- 
monec- 
tomy 


Left pneu- 
monec- 
tomy 


Left lower 
lobecto- 
my. 
Lower 
thora- 
coplasty 


Right 
pneu- 
monec- 
tomy 


Left upper 
lobec- 
tomy 


Left pleu- 
ropneu- 
monec- 
tomy 


Right up- 
per 
lobec- 
tomy 


patients (2 per cent of the total and 7 per 
cent of the complications). Tubercle bacilli 
were found in the wounds of 2 of the 4 pa- 
tients; Staphylococcus aureus in 1, and 
pseudomonas in 1. No death was caused by 
wound infection. 

Persistent leakage of air. Minor leakage of 
air which was controlled by water-seal suc- 
tion in 24 to 48 hours after operation is not 
included in this group of complications. 
Persistent leakage of air interfering with 
adequate pulmonary re-expansion occurred 
in 7 patients (3 per cent of the total and 12 
per cent of the complications). 


Early 


Time of death Cause of death Comments 
27 days after Respiratory 8-rib thoracoplasty, 13 days 
operation insufficiency postpneumonectomy. Bron- 
chopneumonia right lower 
lobe 
9 days after Respiratory Prior to resection had left 
lobectomy insufficiency phreniectomy and right tho- 
racoplasty 
23 hrs. after Respiratory Schizophrenic. Did not follow 


medical therapy. Severe air 
leak after operation 


operation insufficiency 


Pneumonectomy necessitated by 
bleeding from main pulmo- 
nary artery 


30 mins. after Respiratory 
operation insufficiency, 
cor pulmonale 


Thoracoplasty 10 days after 
pneumonectomy did not con- 
trol empyema 


40 days after Infection 


operation 


15 months prior to operation 
had left upper lobectomy and 
thoracoplasty. Tubercle ba- 
cilli found in empyema drain- 
age and in cerebrospinal 
fluid. (Tuberculous menin- 
gitis) 


50 days after Infection 


operation 


Thoracoplasty performed 21 
days after resection failed to 
control mixed tuberculous 
and staphylococcal empyema 


41 days after Infection 
pneumo- 


nectomy 


16 days after Infection Thoracoplasty performed 6 
lobectomy days after resection failed to 
control bronchopleural _fis- 
tula and empyema 
9 mos. after Cor pul- Enlargement of liver and de- 
resection monale pendent edema and dyspnea 
9 months after resection 
On operat- Hemorrhage Re-explored. Found bleeding 
ing table from segmental vessels and 


from denuded surfaces. Pa- 
tient was a cirrhotic with 
esophageal varices which had 
bled previously 


thoracoplasty, performed within 6 to 16 
days from the original operation controlled 
the air leak in 4 of these patients with this 
complication. One of these 4 patients (B. F., 
Table II) had a strain of tubercle bacilli 
resistant to streptomycin and did not receive 
any other antimicrobial therapy. He died 
following a staphylococcic infection in the 
thoracoplasty wound. Acute interstitial myo- 
carditis, atelectasis of the right upper lobe, 
and acute bronchitis in the left lower lobe 
were found at postmortem examination. Of 
the remaining 3 patients, 1 had an air 
pocket over the apex of the right lung. 
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Another had a bronchocutaneous fistula. 
Both of these patients were successfully 
treated with late thoracoplasty. The remain- 
ing patient (W. J., Table II) died 23 hours 
after operation because of failure of re- 
expansion of the left lung and an already 
limited pulmonary reserve. Dyspnea, cyano- 
sis, hypertension, and restlessness attribut- 
able to hypoxia characterized this patient’s 
postoperative course. 

Bronchopleural fistula and empyema. In 9 pa- 
tients in this study (4 per cent of the total 
and 17 per cent of the complications), 
bronchopleural fistula and empyema de- 
veloped. In 6 pneumonectomy patients out 
of 44 this complication developed and these 
patients were treated with early thoraco- 
plasty. Three of them recovered and 3 died. 
The remaining 3 patients had open tube 
drainage of the empyema thereby establish- 
ing a bronchocutaneous fistula. These had 
been considered unsuitable risks for further 
major surgical procedures. Two of the 3 
were ultimately discharged from the hospital 
and healed. One patient remains in the 
hospital with a permanent fistula. 

Death. ‘Yen patients died in the postopera- 
tive period, constituting a mortality rate of 
4.8 per cent and accounting for 17 per cent 
of the serious complications. The data in 
Table II indicate that the immediate cause 
of death was respiratory insufficiency in 4 
patients, infection in 4, cor pulmonale 9 
months after pneumonectomy in 1, and 
hemorrhagic shock in 1. 


DISCUSSION 


The complication rate of 27 per cent, in- 
cluding the 4.8 per cent mortality, is com- 
parable to that of similar series reported by 
Cooley and Hirdes and their associates and 
by Thomas. 

Common to all the 9 patients in whom 
hypotension or cardiac arrest developed was 
a 2 per cent cocaine solution spray to the 
throat and orotracheal intubation while 
awake. While cocaine in amounts as low as 
20 milligrams can produce hypotension, 
collapse, and cardiac arrest, its significance 





in this regard in the series of patients under 
consideration cannot be properly appraised. 
Of particular interest is the fact that 4 of the 
9 patients eventually underwent successful 
resection with preliminary cocainization of 
the throat. 

Although studies performed by Berlin and 
associates on patients with chronic pulmo- 
nary tuberculosis have demonstrated sig- 
nificant reduction in the blood volume, 
total red cell mass, and plasma volume, the 
possibility that chronic oligemia may have 
played a role in these patients was not in- 
vestigated. In the 1 patient in whom careful 
studies of the blood volume were done, all 
values proved normal. A combination of 
cocaine, a general anesthetic, positioning of 
the patient on the operating table, and 
hypoxia may well have led to serious hypo- 
tension and cardiac standstill. Attention to 
the details of the induction of anesthesia and 
adequate ventilation during the positioning 
of the patient on the operating table must 
pay high dividends. 

In this hospital, the blood lost during 
pulmonary resections for tuberculosis as 
measured by the hemoglobin dilution tech- 
nique averaged 1,170 milliliters (10). In pa- 
tients in whom the blood loss was excessive 
and massive blood transfusions were ad- 
ministered, a bleeding tendency similar to 
that reported by Zucker was observed. 
Hemostasis was made difficult and further 
bleeding followed. This remains an un- 
solved problem. 

The spread of tuberculosis and the occur- 
rence of atelectasis and nonspecific broncho- 
pneumonia increased the morbidity and 
mortality during the postoperative period by 
decreasing the respiratory capacity of ' the 
remaining lung tissue. The face down posi- 
tion described by Overholt is reported to 
have reduced the incidence of contralateral 
spread and bronchopneumonia and was 
adopted by this hospital in 1947. Sweetman 
and Salyer recommend early resection be- 
fore the bacteria develop any resistance to 
the antituberculous drugs. One of the 3 
cases in which there was a postoperative 





ali 


Th 


Wa 
the 
res 
res 


br 
the 
in 

an 
tio: 
the 
opt 
pre 
me 
rec 
hac 
cor 
dis 


Wa 


obl 
lea! 
em 
pat 


cur 
pre 
asp 
fev 
of 

fist 
fror 
ol 

ple 
ran 
ing 
dise 
pre 
mal 
the 
ace 
Ww , 


Jer 
ed. 
the 
ful 
. of 


und 
no- 
sig- 
me, 
the 
ave 
in- 
eful 
all 
. of 
g of 
and 
/po- 
n to 
and 
1ing 
nust 


ring 
3 as 
ech- 
| pa- 
ssive 
ad- 
ir to 
ved. 
‘ther 
un- 


‘cur- 
cho- 
and 
rd by 
f the 
posi- 
-d to 
iteral 
was 
tman 
1 be- 
ce to 
he 3 
‘ative 





Dagher et al.: COMPLICATIONS OF RESECTION IN PULMONARY TUBERCULOSIS 65 


pulmonic spread of tuberculosis would 
support this recommendation. 

rhe 2 patients who died following pulmo- 
nary complications were patients in whom 
empyema developed after pneumonectomy 
aid who underwent early thoracoplasty. 
The cause of death in both of these patients 
was respiratory insufficiency. The flail 
thoracic wall, as evidenced by paradoxical 
respiration, interferes with the mechanics of 
respiration of the remaining lung. 

Leakage of air and the development of 
bronchopleural fistula and empyema were 
the most common complications, occurring 
in 7 per cent of all patients operated upon 
and forming 29 per cent of the complica- 
tions. Sloan and Milnes attribute many of 
the air leaks to technical errors during 
operation and relate them to failure of 
proper closure of these leaks from the seg- 
mental surfaces of the lung. Study of the 
records of our patients who postoperatively 
had persistent leakage of air reveals one 
common denominator, the presence of 
disease in the neighboring lung tissue which 
was Cut across during resection. 

Early thoracoplasty was employed to 
obliterate the pleural space, to control air 
leak, and to prevent the development of 
empyema. This was successful in all of the 
patients to whom it was applied. 

Bronchopleural fistula and empyema oc- 
curred in 4 per cent of the patients. The 
presence of loculated air-fluid levels, the 
aspiration of chocolate colored fluid, the 
fever, and rapid pulse were taken as signs 
of the establishment of bronchopleural 
fistula and empyema, although cultures 
from the fluid revealed no growth in some 
of the cases. The incidence of broncho- 
pleural fistula and empyema in similar series 
ranged between 3.5 to 16 per cent depend- 
ing upon the presence of endobronchial 
disease, positive sputum, and duration of 
preoperative antituberculous therapy. Opti- 
mally, one should prescribe antimicrobial 
therapy on a schedule which would effect 
acequate control of active cellulitis and 
wiich would not have lasted so long as to 


permit the growth and development of 
resistant organisms. 

There were 5 deaths in the group of pa- 
tients who had air leak or bronchopleural 
fistula and empyema. One patient died 
from respiratory insufficiency following left 
upper lobectomy and severe air leak and 4 
died from uncontrollable infection, despite 
antibiotic therapy, thoracoplasty, and drain- 
age. 
The over-all mortality rate of 4.8 per cent 
in the whole series is comparable to that re- 
ported from other centers dealing with 
similar patients. Data abstracted from the 
charts of the patients who died in the hospital 
after resection are presented in Table II. 


SUMMARY AND CONCLUSIONS 


In a series of 207 consecutive operations 
for pulmonary resection performed for pa- 
tients with tuberculosis of the lung at 
Cuyahoga County Hospital, the rate of 
complications was 27 per cent, including a 
mortality rate of 4.8 per cent. The most com- 
mon complications were related to post- 
operative persistent leakage of air from the 
surface of the lung resulting in broncho- 
pleural fistula and empyema. A review of 
the pathologic process of the lungs of the 
patients in whom persistent air leaks de- 
veloped revealed the presence of tuberculous 
infection at the line of resection. Early 
thoracoplasty has effectively controlled this 
leakage of air and has prevented the develop- 
ment of empyema and_bronchopleural 
fistula. 

Early thoracoplasty has also prevented 
the development of a beginning empyema 
and bronchopleural fistula in the _post- 
pneumonectomy group of patients who 
could tolerate this procedure. 

Patients with poor pulmonary function in 
whom bronchopleural fistulas and empyema 
developed suffered a mortality of 50 per cent 
following thoracoplasty. In retrospect, it 
would appear that a more conservative ap- 
proach of drainage and the ultimate estab- 
lishment of an open _ bronchocutaneous 
fistula might have given better results. In 
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short, the patient with a minimal respiratory 
reserve must be treated without the develop- 
ment of pleural complications if a success- 
ful outcome of the operation is to be ob- 
tained. On the other hand, air leak and 
threatening empyema may well be handled 
with a considerable saving of time by early 
thoracoplasty in the patients with a satis- 
factory respiratory reserve as measured by 
pulmonary function studies. 
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\N EXPERIMENTAL STUDY OF TRANSPLANTATION OF 


PRESERVED HOMOGENOUS ARTICULAR CARTILAGE IN 


DOGS 


THOMAS HORWITZ, M.D., F.A.C.S., ROBERT E. MORROW, M.D., and 
THOMAS R. SPRINGER, M.D., Indianapolis, Indiana 


‘HIS STUDY was undertaken to explore, by 
the experimental use of “banked” articular 
cartilage, the possibility of a broader appli- 
cation of the clinical experience of Moore 
with total articular resurfacing and of 
Smillie with segmental articular resurfacing 
in humans. This is a report of our experi- 
ences with transplants of ‘“‘banked’’ homog- 
enous articular cartilage in dogs for total 
and segmental replacement of articular 
surfaces, the grafts having been preserved 
by freezing following chemical sterilization 
according to the technique of LoGrippo 
and his co-workers. 

The possible use in humans of autogenous 
articular cartilage grafts of sufficient size 
and conformation to replace an entire artic- 
ular surface or a portion thereof, as in the 
hip or knee, is negated by the obvious un- 
availability of donor tissue. For this reason, 
a study of autogenous cartilage transplants 
in dogs was not germane to the _ prac- 
ticable aspects of the problem under in- 
vestigation, and this study was confined to the 
use of preserved cartilaginous homografts. 

Moore found that a cartilage cap fash- 
ioned from the head fragment in an un- 
united fracture of the femoral neck, reamed 
out of its cancellous bone content except for 
a very thin subchondral layer of bone and 
applied over the residual femoral neck, 
!hecame firmly attached in 3 weeks and that 
i istologic study of the reconstructed femoral 
lead in 1 subject, dead 9 years following 
‘nis operation, showed “‘normal viable hy- 
‘line cartilage.” This latter finding has 
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been corroborated by Hirsch. Smillie re- 
ported the screw fixation of osteocartilagi- 
nous bodies in cases of osteochondritis 
dissecans of the knee joint within their 
condylar craters and he demonstrated suc- 
cessful resurfacing in these cases upon sub- 
sequent re-exploration. Moore and Smillie, 
therefore, used autogenous articular car- 
tilage replacements, not transplants, in their 
patients. 

Peer records the use in only 1 patient of a 
perforated vitallium mold on the principle 
of his ear mold, filled with diced cartilage 
(source not specified) and buried in the 
abdominal wall for 4 months, thus forming 
a confluent cartilage-like cap that he applied 
subsequently over a diseased femoral head 
in the same individual. 

Colonna, discussing Moore’s presenta- 
tion, suggested the preservation of articular 
cartilage of many joints in “‘cartilage banks” 
and its use for joints other than the hip 
joint. Smillie, in the discussion following his 
own contribution, suggested possible re- 
placement by frozen homografts of articular 
cartilage and bone “‘of suitable contour.” 
These concepts are much too provocative 
to remain unanswered, in view of the press- 
ing need for more satisfactory methods of 
arthroplasty. How much transplanted con- 
nective tissues, such as fascia and fat, 
actually contribute to articular resurfacing, 
following their use in arthroplasty, may 
well be questioned when one observes the 
similar tissue response beneath a vitallium 
cup or over the bared femoral neck follow- 
ing a Whitman reconstruction operation, 
arising from the connective tissue elements 
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of the exposed marrow spaces. The more 
recent application of skin as a substitute 
for articular cartilage appears untenable in 
view of the dissimilarity of the embryologic 
precursors of these tissues. 

The replacement of articular cartilage by 
like tissue of like contour is fundamentally 
sound. Indeed, the potential of cartilage 
over other tissues as free graft material 
would appear to be favored by the fact that 
this tissue does not have to become revas- 
cularized for its cells to survive, and that 
cartilage cells probably do not require any 
oxygen but live anaerobically by glycolysis, 
which makes it easier for them to be nour- 
ished by the diffusion phenomenon (Ham). 

It remained that the fate of preserved 
homogenous cartilage be clarified, for even 
the comprehensive survey by Peer con- 
tained contradictory data on this subject, 








Fic. 1. Cartilage cap prepared from a dog’s femoral 
head and used following sterilization and preservation 
by freezing for total articular surface replacement. The 
recorded dimensions of this specimen allow a proper 
perspective of the experimental transplants illustrated. 
A, Articular surface; B, subchondral (excavated) surface. 

Fic. 2. A and B, Cartilage cap replacement of femoral 
head (dogs 1, 2, 3, 5, and 6). C and D, Segmental car- 
tilage replacement of knee joint (dogs 3 and 4). E, 
Suggested modification of the shelf operation (acetabu- 
lum), with interposed cartilage layer transplant. 

Fic. 3. Cartilage cap (c) 8 days following its trans- 
plantation. A, Articular cartilage; B, seen from the under 
surface, applied to the femoral neck (f). The articular 
cartilage is thinned but intact throughout. The reddish 
color of the preserved cap, resulting from the steriliza- 
tion process, complicated the interpretation of gross 
changes in the early specimens. This cap was still loose 
and became detached from the host bone during sec- 
tioning. 


both clinical and experimental. Further- 
more, since much of the experimental infor- 
mation had been derived from rib and 
nasal cartilage grafts implanted in the sub- 
cutaneous tissues or within the anterior 
chamber of the eye, it appeared pertinent 
to this experimental study to subject articular 
transplants to the dynamic influence of joint 
function and weight-bearing, in the cours 
of examining their behavior in the host 
environ. 


PROCEDURE OF INVESTIGATION 


Cartilage caps (Fig. 1), including a thir 
layer of subchondral bone, were fashionec 
from the femoral heads of recently slai1 
dogs and preserved for variable periods. 
following which they were transplantec 
over the denuded femoral heads of living 
dogs. In a few instances segmental defect: 
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Fic. 4. Knee joint in flexion with patella reflected 
downward to show cartilage cap (c) transplant applied 
to the distal articular surface of the femur (f) 2 weeks 
following its transplantation. The articular surface ap- 
pears intact, giving no suggestion grossly of the intense 
cellular reaction present microscopically between the 
graft and the host (see Fig. 8). 

Fic. 5. Cartilage cap (c) 6 weeks following its trans- 
plantation to the femoral neck. A, Anterior surface; B, 
superior view. Its cartilaginous surface appeared thinned 
but intact throughout and the graft was firmly affixed 


were created in the articular surface of knee 
joints and these were filled with segments 
of preserved homogenous cartilage of similar 
contour (Fig. 2). The animals were sacri- 
ficed 8 days, 2 weeks, 4 weeks, 6 weeks, 9 
weeks, and 12 weeks following surgery. 
The surgical approach that was found to 
be best adapted to the hip joint of a dog 
was one just lateral to the adductor muscles 
aid medial to the femoral vessels, in which 
lterval the femoral head is easily palpated 
with the hind limb in external rotation. 
The approach to the knee joint was by a 
n edial parapatellar incision. 
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A Fic. 6. B 


to the host bone (/). This stage of the grafting procedure 
was viewed with considerable enthusiasm until the 
microscopy was reviewed (see Fig. 9). 

Fic. 6. A, Unoperated upon opposite femoral head for 
comparison. B, Erosion of the central portion of the 
grafted cartilage surface 12 weeks after cap transplan- 
tation. Viewed from the superior and medial aspects. 


Anesthesia was by sodium seconal intra- 
peritoneally, 30 milligrams per kilogram of 
body weight. The dogs varied in weight 
between 10 and 15 kilograms. 

The method of preservation of the car- 
tilage transplants followed the technique of 
LoGrippo and his coworkers, who have 
simplified the problem of source of human 
tissues for preservation by their method of 
collecting and preserving tissues from ca- 
davers. The femoral head or distal femoral 
articular surface was resected without sterile 
precautions and placed in tincture of mer- 
thiolate (1:4000) for 24 to 48 hours. Some- 
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Fic. 7. 


Fic. 7. Microscopic section (X 48) of the 8 day homogenous articular cartilage graft seen in 
Figure 3. Most of the cartilage cells are present but these stain poorly (c). The subchondral 
bone (b) of the transplant is dead. 

Fic. 8. Microscopic section (X 48) of specimen 2 weeks after the transplant procedure. There is 
an intense inflammatory cell response in the area between the cartilage graft (c) and the host bone 
(f). Most of the transplant (see Fig. 4) had separated from the host during the sectioning. 





























time during this interval the specimens 
were removed from this solution under 
sterile precautions and their cancellous con- 
tent was reamed out with an electric burr, 
leaving a thin subchondral layer of bone. 
The cartilage specimens were then ster- 
ilized in 1 per cent beta-propiolactone for 
2 hours, cultures were made, and the speci- 
mens were finally transferred to an empty 
container for deep-freezing. 

The significant details of each experiment 
are briefed in Table I. 


INTERPRETATION OF MICROSCOPIC FINDINGS 


The gross features noted at autopsy and 
recorded in Table I are interpreted more 
accurately in the light of these microscopic 


. hip Total cap 





Cap attached but its entire central portion eroded (Fig. 6) 


The articular cartilage graft manifests 
degenerative changes in its cells and matrix 
early in the course of its preservation by 
chemical sterilization and freezing, prior to 
its use as a transplant. Very early (8 days) 
following its transplantation the cartilage 
graft has not yet secured attachment to the 
host bone. The cartilage cells stain poorly 
and the subchondral bone is dead (Fig. 7). 
In 2 weeks there appears an intense inflam- 
matory cellular response between the car- 
tilage graft and the host tissues (Fig. 8). 
In 4 weeks this inflammatory response is 
still striking but diminishing and it is min- 
gled with a fibrous tissue response arising 
from the marrow spaces of the host bone. 
This is replaced, in the 6 weeks’ specimen, 


findings. by marked fibroplasia between the carti- 
TABLE I. 
Period of _ Period of 
graft pres- transplan- 
Dog ervation, tation, 
No. Joint Operation weeks weeks Gross findings 
1 Rt. hip Total cap 1 1 Graft loosely attached; cartilage thinned but appeared intact through- 
out (Fig. 3) 
3 Lt. knee Segmental k 2 Graft attached but not securely; cartilage appeared intact throughor 
(Fig. 4) 
4 Rt. knee Segmental 8 4 Grossly infected and specimen discarded 
6 Rt. hip Total cap 1 Cap completely detached; gross degenerative cartilage changes 
3 Rt. hip Total cap 3 6 Graft appeared firmly attached; cartilage extremely thinned but aj 
peared intact throughout (Fig. 5) 
5 Rt. hip Total cap 12 9 Graft appeared firmly attached; cartilage thinned but appeared inta: 
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Fic. 10. 


Fic. 9. Microscopic section (X 60) of cartilage cap graft 6 weeks following its transplantation 
(see Fig. 5). Several zones are clearly defined: c, Degenerated articular cartilage of the homogenous 
graft. b, Dead subchondral bone of the graft. fp, Intense fibroplasia between the graft and the 


host bone (/). 


Fic. 10. Histologic section (X 69) through the eroded portion of the cartilage cap transplant 12 
weeks following its transplantation (see Fig. 6). There is a surface layer of connective tissue (ct) 
overlying the hyalinized remnant of the transplant (c), beneath which there is a narrow zone of 
vascular and cellular response (z) arising from the living host bone (/). 


lage-bone transplant and the host bone, 
and during this phase the degenerating 
cartilage cap has become well affixed to the 
host (Fig. 9). This same response is present 
at 9 weeks with further degeneration of the 
transplanted cartilage surface. By 12 weeks 
the dead cartilage-bone transplant has 
undergone considerable dissolution (Fig. 
19). 


CONCLUSIONS 


1. Homogenous articular cartilage, pre- 
scrved by freezing following chemical sterili- 
zition according to the technique of 
1 oGrippo and his coworkers, does not sur- 


vive transplantation in dogs. Indeed, these 
grafts manifest degenerative changes early 
in the process of their preservation and 
before their transplantation. Following trans- 
plantation they induce a severe inflamma- 
tory response followed by fibroplasia, as 
the dead transplant is rejected by the host. 

2. This is in keeping with the experience 
of previous observers regarding the experi- 
mental and clinical transplantation of ho- 
mogenous tissues in general, that such 
transplanted tissues are reacted to as foreign 
substances and induce the formation of 
antibodies in the host tissues which react 
against and destroy the transplant. 
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Until this untoward response can be over- 
come or neutralized, the clinical trial in 
humans of preserved or ‘‘banked”’ articular 
cartilage for articular surface restoration 
must be deferred. 
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STAPHYLOCOCCUS ENTEROTOXIN ENTERITIS 





JOHN VAN PROHASKA, M.D., F.A.C.S., MYRON J. JACOBSON, M.D., 


(CHRISTOPHER T. DRAKE, M.D., and TOH-LEONG TAN, M.D., Chicago, Illinois 


IN THE CLINICAL sTuDY of pseudomembra- 
nous enterocolitis, it was pointed out by 
Prohaska, Long, and Nelsen that the disease 
was actually produced by the enterotoxin 
generated by Staphylococcus aureus, suc- 
cessfully established in the intestine of man 
when the normal flora of the bowel was dis- 
turbed by antibiotics or by other means. 
They pointed out that the disease mimics 
food poisoning, in which instance a single 
dose of staphylococcus enterotoxin, manu- 
factured in vitro, is introduced by ingestion 
of the contaminated food. These authors 
called attention to the spectacular effect of 
corticotropin in patients desperately ill with 
pseudomembranous enterocolitis and the 
beneficial effect of the hormone in animals 
receiving enterotoxin without the staphylo- 
coccus. 

Upon consideration of these primary ob- 
servations, it became obvious that experi- 
mental procedures would have to be devised 
for the possible development of enteritis by 
the oral administration of staphylococcus 
enterotoxin. 

This endeavor seemed particularly invit- 
ing since a supply of enterotoxin could be 
made readily available. In the first group of 
experiments, enterotoxin extracted from a 
strain of Staphylococcus aureus, isolated 
from frozen shrimps, was used. This micro- 
organism was implicated in serious cases of 
food poisoning. It was extensively studied in 
the Microbiology Laboratories of The Uni- 
versity of Chicago and for purpose of identi- 
fication was labeled ‘‘S-6.” This strain of 
oagulase-positive staphylococcus was espe- 
ally useful because it persistently elaborated 
iterotoxin and the presence of this entero- 
xin could be readily titrated by the gel- 
( iffusion precipitin technique of Oudin. 





The enterotoxin was produced from vig- 
orous culture growths of staphylococcus, 
**S-6,” by the method of Woolpert and 
Dack. In another series of experiments, the 
enterotoxin was made from Staphylococcus 
aureus, which had been isolated in pure cul- 
tures from known cases of pseudomem- 
branous enterocolitis. 


Test tubes containing 10 milliliters of sterile, com- 
mercial veal infusion medium rehydrated into broth 
are inoculated with pure culture of staphylococci and 
incubated at 37 degrees C. for 24 to 48 hours. 

Sixty-five milliliters of veal broth medium contain- 
ing 0.7 per cent of agar are poured in a Kolle flask and 
sterilized at 121 degrees C. under 15 pounds of pres- 
sure for 15 minutes. After cooling, the medium in the 
Kolle flask is inoculated with 3 milliliters of the veal 
broth culture previously prepared. The flask is then 
incubated at 37 degrees C. for 48 to 72 hours. The 
Kolle flask, containing the culture of staphylococci, is 
then emptied into sacks of 4 layers of cheese cloth and 
the liquid portion is squeezéd out by sterile gloved 
hands. 

This crude extract is then further purified by 
centrifugation at 2,000 revolutions per minute for 45 
minutes. The supernatant fluid is poured off. Three to 
4 drops of 1:1000 merthiolate solution are added per 
100 milliliters and the enterotoxin stored in a refriger- 
ator. Such a crude extract is relatively sterile, but may 
undergo spoilage if kept too long. Therefore, a fresh 
supply is made every 4 days. 

The subsequent experiments appear to be 
the first successful production of enteritis in 
animals by biologic means. The following 
experiments were conducted: 

In the first series of 3 experiments 6 cats 
were used. Each received a daily dose of 10 
milliliters of enterotoxin offered in 50 
milliliters of milk. Most of the animals con- 
sumed this quantity of enterotoxin daily for 
12 to 34 days. After the ingestion of the first 
dose the animals became acutely ill. All de- 
veloped marked retching, salivation, and 
diarrhea. These acute symptoms abated 
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Fic. 1. Microscopic section of jejunum showing marked 
leucocytic infiltration and denudation of the mucosa, 
with sloughing of the villi, erosion of the muscularis, and 
submucosal edema. X16. 


with each day, but the animals developed 
lethargy, anorexia, and persistent diarrhea. 
They were sacrificed on the twelfth to 
thirty-fourth day following the administra- 
tion of the enterotoxin. All showed enteritis 
(Table I). The principal gross pathologic 
changes found in all the animals at necropsy 
consisted of marked edema of the duodenum 
and jejunum. In some, the edema involved 
the entire small bowel. The mucosa of the 
jejunum was granular with patchy hemor- 
rhagic areas. The diameter of the involved 
small bowel measured approximately twice 
that of the normal control. The major 


TABLE I.—DEVELOPMENT OF ENTERITIS BY THE 
ORAL ADMINISTRATION OF STAPHYLOCOCCUS 
ENTEROTOXIN TO CATS 


No. days - 
Enterotoxin, enterotoxin Day of 

Cat. No. ml./day given Symptoms sacrifice Necropsy 

1 10 mi. in 50 12 Lethargy 12 Enteritis 
ml. milk Anorexia 
Diarrhea 

2 10 mi. in 50 19 Lethargy 19 Enteritis 
ml. milk Anorexia 
Diarrhea 

3 10 ml. in 50 35 Lethargy 33 Enteritis 
ml. milk Anorexia 
Diarrhea 

4 10 ml. in 50 14 Lethargy 14 Enteritis 
ml. milk Anorexia 
Diarrhea 

5 10 ml. in 50 34 Lethargy 34 Enteritis 
ml. milk Anorexia 
Diarrhea 

6 10 ml. in 50 13 Lethargy 13 Enteritis 
ml. milk Anorexia 
Diarrhea 


Surgery, Gynecology & Obstetrics - July 1959 





TABLE II.—INTRODUCTION OF THE ENTEROTOXIN 
INTO THE UPPER JEJUNUM THROUGH A ROUX-Y 
JEJUNOSTOMY 


No. days 
Enterotoxin, enterotoxin Day of 
Cat. No. ml./day given Symptoms — sacrifice Necropsy 
7 10 ml. 5 Lethargy 5 Enteritis 
Anorexia 
Diarrhea 
8 10 ml. 18 No diarrhea 18 Enteritis 
9 10 ml. 23 None 23. No gross 
pathol- 
ogy 


microscopic changes observed were edema, 
hyperemia, leucocytic infiltration of the 
mucosa and muscularis, partial sloughing 
of the mucosa, and occasional ulceration 
(Fig. 1). 

The second series of experiments was de- 
vised in order to control the actual amount 
of the enterotoxin consumed by the animals. 
Since the enterotoxin was offered in milk, 
and therefore its consumption was either 
voluntary on the part of the animal or in- 
duced by hunger or thirst, a method had to 
be invented for the administration of a con- 
trolled quantity of the enterotoxin. A Roux- 
Y feeding jejunostomy was executed in 3 
cats. Ten milliliters of enterotoxin were in- 
troduced by means of a catheter passed 
directly through the jejunal stoma into the 


TABLE III.—ORAL ENTEROTOXIN ADMINISTRATION 


No. days 
Enterotoxin, enterotoxin Day of 
Kitten No. ml./day given Symptoms Sacrifice Necropsy 
10 5 ml. 12 Lethargy 18 Enteritis 
10 ml. 6 Anorexia 
Diarrhea 
11 5 ml. 12 Lethargy 18 Enteritis 
10 ml. 6 Anorexia 
Diarrhea 
12 5 ml. 12 Lethargy 23 =Nogross 
10 ml. 11 Anorexia patho! 
Diarrhea ogy 
13 10 ml. ph Lethargy 12 Enteriti 
Anorexia 
Diarrhea 
14 10 ml. ae Lethargy 12 Enteriti 
Anorexia 
Diarrhea 
15 10 ml. 18 Lethargy 18 Enteriti 
Anorexia 
Diarrhea 
16 10 ml. 18 Lethargy 18 Enteriti 


Anorexia 
Diarrhea 
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Fic. 2. Photomicrograph of jejunum of a cat fed 
enterotoxin 18 days via a Roux-Y jejunostomy. There is 
marked leucocytic infiltration of mucosa, sloughing of villi, 
and hypertrophy of external muscular layers. X11. 


upper jejunum daily for a period of 5 to 23 
days. Two of these animals manifested the 
same symptoms of enteritis as the animals 
described in the first experiment. They were 
sacrificed on the fifth and eighteenth day 
(Table II). The gross and microscopic 
pathologic findings were similar, but less 
severe than in those animals receiving the 
enterotoxin by mouth (Fig. 2). The third 
animal had no symptoms. It was sacrificed 
on the twenty-third day. At necropsy there 
were no gross pathologic changes. 

It was noted that the direct introduction 
of the enterotoxin into the upper jejunum 
caused a rapid emptying of the bowel. 





Fic. 4. Photomicrograph of jejunum of a kitten fed 
enterotoxin for a period of 18 days showing ulceration 
e tending through the muscularis mucosa, loss of villi, 
éid dense submucosal infiltration with leucocytes. 
> 114. 
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Fic. 3. Photomicrograph of the jejunum of a kitten fed 
enterotoxin for 18 days shows leucocytic infiltration of the 
mucosa and submucosa, loss of villous structure, and 
frank ulceration. X11. 


Therefore, it is reasonable to postulate that 
the enterotoxin was rapidly expelled and 
thus did not have a chance to produce as 
much physical change in the bowel as when 
it was introduced with food by mouth. 

In the third experiment 7 kittens were 
used. They were offered 5 to 10 milliliters of 
enterotoxin in milk daily for 12 to 23 days. 
Their initial symptoms were similar to those 
observed in the cats, but more severe. They 
were sacrificed on the twelfth to twenty- 
third day. Enteritis was found in all animals, 
except the one that received enterotoxin for 
the longest period of time. In this animal, no 
gross pathologic change was found (Table 





Fic. 5. Photomicrograph of a section of the stomach of 
a chinchilla. Death occurred on the third day of oral ad- 
ministration of staphylococcus enterotoxin. The section 
reveals destruction of the surface layer and villi of the 
mucosa, leucocytic infiltration, and edema. X24. 








) 
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Fic. 6. Section of the duodenum of a chinchilla. Death 
occurred on the fourth day of oral administration of 
staphylococcus enterotoxin. Severe inflammatory changes 
with ulcerations of the mucosa are noted. Typical pseudo- 
membrane is visible in the lumen. X25. 


III). At necropsy the gross findings in 6 
kittens were marked edema of the jejunum 
with granular and hemorrhagic mucosa. 
The gross pathologic changes in the intestine 
appeared to be more severe than those ob- 
served in the cats. The entire jejunal wall 
was at least twice the thickness of the jejunal 
wall of a corresponding normal control. 
The microscopic changes found in the 
intestines of the kittens were more severe 
than those observed in the cats. Under low 
power of the microscope, the sections of the 
jejunum showed infiltration of the mucosa 
and muscularis with leucocytes and eosino- 
phils. The villi were sloughed off in most 
places and the mucosa interrupted by nu- 
merous small ulcerations (Fig. 3). The high 
power microscopic field showed severe in- 


TABLE IV.—ORAL ENTEROTOXIN ADMINISTRATION 


Entero- Survival, Culture 
Chinchilla toxin, Stool No. of Necropsy of 
No. ml./day culture days findings intestine 
13. 2ml. b.i.d. Normal, 3 Gastritis, Normal, no 
no staph. entero- staph. 
present colitis, found 
prolapse 
of rectum 
14. 2mli. b.i.d. Normal, 4 Gastritis, Normal, no 
no staph, entero- staph. 
present colitis found 
15  3mi. b.i.d. Normal, 5 Gastritis, Normal, no 
no staph. entero- staph. 
present colitis found 
16 4mli. b.i.d. Normal, 12. Gastritis, Normal, no 
no staph. entero- staph. 
present colitis found 
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Fic. 7. Section of the colon of a chinchilla. Death 
occurred on the fifth day of oral administration of 
staphylococcus enterotoxin. The photomicrograph shows 
leucocytic infiltration of the mucosa and muscularis, 
destruction of the glandular pattern, and edema. X107. 


flammatory enteritis with minute ulceration 
(Fig. 4). 

In the fourth and last series of experi- 
ments 4 chinchillas were used (Table IV). 
These were normal, healthy males weighing 
from 300 to 375 grams each. They were 
kept on their usual diet of lettuce, carrots, 
and cabbage. They were selected for this 
crucial experiment because lethal pseudo- 
membranous enterocolitis could be induced 
in the antibiotic treated chinchillas at will 
by the oral administration of a pure culture 
of Staphylococcus aureus as reported previ- 
ously (3). Thus death of the experimental 
animal could be used as a criteria and one 
could, at once, discover whether the fatal 
termination in some cases of pseudomem- 
branous enterocolitis was due to a simple, 
overwhelming bacterial invasion, specific or 
nonspecific, or to a product elaborated by 1 
specific microorganism. 

Four normal chinchillas, receiving no 
antibiotics at any time, were given 2 to 
milliliters of enterotoxin twice daily by ora! 
administration. The enterotoxin was pro 
duced from a pure culture of Staphylococcu- 
aureus, isolated from a severe case ©! 
pseudomembranous enterocolitis. All 4 chin- 
chillas exhibited marked diarrhea, tenes- 
mus, and lethargy. They died within th: 
third to twelfth experimental day. 
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All animals revealed normal stool and 
intestinal cultures throughout the experi- 
ment. It must be remembered that the anti- 
biotic treated animals, receiving a suspen- 
sion of a pure culture of the staphylococcus 
from which this enterotoxin was produced, 
had pure cultures of staphylococcus in their 
stools and intestines. Thus in 1 instance the 
disease and death of the animal were in- 
duced by the enterotoxin elaborated from 
the staphylococcus in vivo and in the other, 
by the enterotoxin produced in vitro. 

Severe gastroenterocolitis was found at 
necropsy. The findings were identical to 
those observed in the antibiotic treated 
chinchillas receiving a suspension of a pure 
culture of enterotoxin-producing staphy- 
lococci (3). The microscopic changes ob- 
served in the stomach showed destruction of 
the surface layer and villi of the mucosa with 
leucocytic infiltration and edema (Fig. 5). 
Severe inflammatory changes with ulcera- 
tions of the mucosa and the formation of 
pseudomembrane were noted in the small 
intestine and duodenum (Fig. 6). High 
magnification of the microscopic sections of 
the colon revealed marked leucocytic in- 
filtration of the mucosa and muscularis, 
destruction of the normal glandular pat- 
terns, and marked edema of the mucosa 
(Fig. 7). 
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CONCLUSIONS 

1. Nonlethal gastroenterocolitis is in- 
duced in normal cats and kittens by the 
oral administration of staphylococcus en- 
terotoxin. 

2. Severe inflammatory changes and 
death of the animal are induced in the 
chinchilla by staphylocaccus enterotoxin. 

3. These changes resemble those found in 
pseudomembranous enterocolitis. 

4. The stool and intestinal cultures re- 
main normal in all experimental animals 
receiving a standard diet and staphylococcus 
enterotoxin only. 

5. The physical changes found in staphylo- 
coccus enterocolitis are produced by the 
enterotoxin elaborated by the microorgan- 
ism. 
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TRAUMATIC RUPTURE OF THE SPLEEN IN CHILDREN 


SCOTT J. BOLEY, M.D., WILLIAM M. P. McKINNON, M.D., and 
SOLOMON S. SCHWARTZ, M.D., Brooklyn, New York 


PROMPTLY DIAGNOSED and treated, splenic 
injury in children should not prove fatal. 
Unfortunately, such is not always the case. 
The many recent articles on traumatic and 
spontaneous rupture of the normal and 
diseased spleen have failed to focus attention 
on the facets of this condition in young pa- 
tients. The inability of a child to make 
known his complaints, as well as the varia- 
tions in the clinical picture, makes necessary 
complete knowledge of all aspects of this 
condition. The purpose of this article is to 
present the clinical and laboratory findings, 
to recommend diagnostic criteria, and to 
discuss the treatment and results to be 
expected following traumatic rupture of the 
spleen in children. 

Our observations are based upon a review 
of the literature and an analysis of 33 cases 
treated during the past 10 years at three 
New York City Hospitals, Queens Hospital 
Center, The Jewish Hospital of Brooklyn, 
and Maimonides Hospital of Brooklyn. The 
former is a city hospital serving a population 
of approximately one and one-half million 
people, and the latter two, voluntary hos- 
pitals with bed capacities of 600 each. 
Anderson was able to collect 80 cases from 
the literature prior to 1939 and added 10 of 
her own. A review of previous studies reveals 
the latter to be the largest individual series 
reported. Scott and Bowman, Mazel, Pender, 
Perisho and Steiner, and Waldman have 
since contributed 14 cases. Other authors 
have included children in over-all series but 
have not dealt separately with the pediatric 
group. 


From the Department of Surgery, Queens Hospital Center; 
the Pediatric Surgical Division and the Department of Radi- 
ology, Jewish Hospital of Brooklyn, and the Department of 
Surgery, Maimonides Hospital of Brooklyn. 

Dr. McKinnon, Public Health Service Research Fellow of the 
National Heart Institute. 





INCIDENCE 


The admission of only 33 cases to 3 large 
and very busy hospitals in the past decade 
supports the reports that this injury is rela- 
tively uncommon in children. Other inves. 
tigators, however, have shown more thar. 
30 per cent of over-all series in this age 
group. 

Predictions by earlier authors that the 
increase in the number and speed of auto- 
mobiles would cause a greater incidence of 
splenic injuries are not corroborated by our 
study. The number of cases per annum has 
remained relatively constant. There were 27 
males and 6 females in this group, a ratio 
of 4.5 to 1. This approximates the sex pre- 
dilection reported in an adult series and is 
probably a reflection of the type of physical 
activity engaged in, rather than difference 
in body build. There is an increase in inci- 
dence up to the age of 4 years, after which 
there is a relatively equal number of injuries 
in each age segment. This incidence coin- 
cides with increasing activity as the infant 
reaches childhood. 


MODE OF INJURY 


There were no penetrating injuries in this 
unselected series. All 33 children sustained 
some type of blunt trauma, varying in 
degree from alleged minimal falls to severe 
automobile injuries (Table I). This varia- 
tion in type and degree of injury is strikiig 
and demonstrates that a history of any 
injury is in itself of diagnostic importance. 
Although 20 years have passed since Ande’- 
son’s report, automobile accidents are st'|l 
the cause of this injury in 37 to 41 per cent > 
cases. It is significant that only 1 child wis 
injured while a passenger, although Quee:is 
Hospital Center receives collision victims 
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from the busiest highway network in metro- 
politan New York. 


ASSOCIATED INJURIES 


Previous authors have not discussed the 
occurrence of associated injuries in splenic 
rupture in children but found them in 40 to 
50 per cent of adults. Some concomitant 
damage was present in 10 of our patients. 
Several had multiple injuries, which ac- 
counts for the totals in Table II. These, for 
the most part, were the result of automobile- 
pedestrian accidents. The incidence of asso- 
ciated intra-abdominal and extra-abdomi- 
nal involvement was equal. Fractured ribs, 
the commonest extrasplenic finding in 
adults, rarely occur in children. None of our 
patients sustained this injury. Of interest is 
the absence of any kidney damage, in spite 
of the proximity of this organ to the spleen. 


CLINICAL PICTURE 


In 30 of 33 cases there was no clinical 
evidence of severe blood loss. Only 2 chil- 
dren presented a clinical picture of shock on 
admission and, in 1 other, shock developed 
just prior to surgery. This observation is in 
marked contrast to the “pallor and anxious 
facies” described in Scott and Bowman’s 
series but corroborates other reports of vari- 
ability in a child’s response to splenic injury. 
Only 2 children had systolic blood pressures 
below 90 millimeters of mercury, and only 
11 had pulse rates of over 120 per minute 
(Table III). 

If we use McIndoe’s criteria for diagnosis 
of delayed rupture of the spleen—a latent 
period of 48 hours or more following injury 
without symptoms, followed by sudden on- 
set of symptoms and signs of intraperitoneal 
hemorrhage—this condition did not occur 
in our series. One child had abdominal pain 
which subsided completely for 36 hours only 
to recur and lead to laparotomy and sple- 
nectomy. This case, however, was the only 
one in which any latent period existed. 
\lthough Fultz and Altemeier found 3 of 
t .eir 15 cases of delayed rupture in children 
tinder 15 years of age, it appears from this 
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TABLE I.—MODE OF INJURY IN 33 PATIENTS 


No. of cases 
PUTT ARCMIN 6 6c civics kis hie Reeds wtdcnateeeus 12 
As pedestrians. ....... i Sunene sa 11 
As pamenger.......... Sateen 
Direct blows.......... hintteeatey See ere 9 
Meets. <6 snr Staats wey ocd sa raced Maines Sew ER EOS 6 
MN MMI os ws. wens theca eae eeean 4 
Bicycle accidents... . . Seeneesae Se Sheeehaees 2 
(RONNS e Cte cae en dasa 33 
TABLE H.—ASSOCIATED INJURIES 
No. of cases 
Intrabdominal 
Small bowel... 7... 2. ....8.. 3 
Retroperitoneal hematomas 2 
IN ogres Cela de tres 3.5 ere ere har perce 1 
Large bowel........... 1 
Lt. ee kak opie waa ik lator 1 
Diaphragm... ........ 1 
oo | eS 1 
Extrabdominal 
|: a ee 3 
MEME ars os Sas ede asx embers RE oie wee eee 6 
Dislocations. .. . . er a es Ae 
Traumatic amputation : 7 Bnaeeee ee 
Ki ree . , wo tea pcre ews 1 


Ten of the 33 patients had associated injuries. 


TABLE III.—VITAL SIGNS IN 33 CHILDREN 


No. of cases 
Systolic blood pressure, mm. Hg 
NIN ese cds OeiSorcwend ne MEE eT CE CES ee ee 
90-70...... ; Facce) om 
Pulse rate, beats/min. 
Under 100..... : ; ; hae ae 
100-120... : ; . ne eee! | 
Over 120..... i ; 11 


series that this condition rarely occurs in 
children. 

In Table IV the symptoms and their 
incidence are listed. Abdominal pain, as 
expected, was present in almost every case, 
but in only 11 patients was it localized to 
the left upper quadrant. Significantly, 14 of 
the patients complained of shoulder pain; in 
2 it was the sole symptom. Absence, in all 
but 3 cases, of restlessness, thirst, and weak- 
ness usually found in the shock syndrome 
further emphasizes the rarity of vasomotor 
collapse in these children. Abdominal ten- 
derness was present in all but 1 severely 
injured child (Table V). In 19 patients this 
finding could be localized to the left upper 
quadrant on admission and in 3 others later 
localized in the splenic area. Rebound ten- 
derness was elicited in only 15 patients. 
Muscle guarding or rigidity was present in 
25 of the 33 children but was localized on 
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Fic. 1. Intravenous pyelographic findings negative. The 
tip of the spleen is well below the twelfth rib. There are 
prominent folds on the greater curvature aspect of the 
stomach. 


admission in only half of these. Later, 2 
others showed localized guarding in the left 
upper quadrant. Constant pain in the left 
shoulder (Kehr’s sign) has been discussed 
but the modification described by Pender, 
pain in the left shoulder on increased intra- 
abdominal pressure, was elicited in 6 of our 
cases. The failure in this series to record 
dullness in the left hypochondrium (Bal- 
lance’s sign) is in accord with other studies, 
although we cannot be sure that it was 
looked for in every case. 


LABORATORY FINDINGS 


Twelve patients showed hemoglobin de- 
terminations of under 11 grams (Table VI). 
However, many normal children admitted 
for elective surgery are found to have hemo- 
globin levels in this range. The most signifi- 
cant findings were the elevated white blood 
cell counts and the shift to the left, noted in 





28 and 22 patients respectively. This obs« r- 
vation is of special interest in view of thie 
recent report of Berman and associates in 
which the leucocytic response to rupture of 
the spleen by blunt trauma was found to be 
greater than in penetrating wounds of 
abdominal viscera. They, too, found leuco- 
cytosis a more common finding than a fall in 
the hemoglobin. 

ROENTGENOGRAPHIC FINDINGS 

The roentgen diagnosis of splenic rupture 
with immediate or delayed hemorrhage has 
received a good deal of attention in the 
literature. Many radiologic findings have 
been ascribed to the presence of a ruptured 
spleen. In Table VII these findings are 
listed with their incidence in those 12 cases 
of our series in which roentgenograms were 
available. In Table VIII are listed addi- 
tional roentgen signs seen in our cases which 
were considered possibly significant. In 
order to test the validity of both groups of 
findings, a control series of 200 plain films of 
the abdomens of infants and children has 
been reviewed. The majority of these cases 
were normal and the remainder suffered 
from conditions other than splenic rupture. 
Since all the signs previously described or 
additionally apparent in our series could 
be demonstrated in the absence of a rup- 
tured spleen, no sign can be considered 
pathognomonic. 

In the control series, 6 patients had 
marked gastric distention and 12, irregular 
prominent folds on the greater curvature as- 
pect of the stomach (Fig. 1). Gastric dilata- 
tion is also a function of ingested gas an: 
fluid, in addition to a reflex phenomenon 
due to irritation. Enlargement of the splen- 
ic shadow is not present in splenic ruptur: 
unless bleeding is perisplenic or subcap- 
sular. Further, vagaries of projection an 
phase of respiration make it difficult to stat’ 
with certainty that borderline splenic en- 
largement is or is not present. An enlarge: 
splenic shadow was present in patients wit 
heart failure, portal hypertension, and leu 
kemia, and on rare occasion with no ade- 
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quate explanation. Large spleens are often 
friable, so that fracture can occur with 
minimal trauma. In such cases a roentgen 
diagnosis of ruptured spleen made on the 
basis of an enlarged splenic shadow may 
prove clinically correct. Operation, how- 
ever, reveals the enlargement to be true 
splenomegaly and not pericapsular or sub- 
capsular hemorrhage. Obscuration of the 
splenic shadow cannot be assessed in this 
age group, as the spleen was not visualized 
on 73 per cent of the control series. Apparent 
scoliosis is too easily produced by positioning 
to have much value as a roentgen sign. 
Various other findings are a function of 
mass displacement of bowel or of diaphrag- 
matic irritation due to blood, and again not 
specific. Left rib fracture may be helpful if 
present but was not found in our series. 
Thorotrast injection and pneumoperitoneum 
have been recommended as aids in diagnosis. 
The former is mentioned only to be con- 
demned and the latter is not necessary. A 
detailed discussion of the roentgenologic 
findings will be the subject of a subsequent 
article. 

It is not our purpose to deny the value of 
the roentgenogram, but to stress the need of 
evaluation in the light of clinical findings. 


OPERATIVE FINDINGS 


There were 200 to 700 cubic centimeters 
of blood in the peritoneal cavity in all cases 
except the 2 with subcapsular hemorrhage. 
The major forms of splenic injury and their 
incidence are listed in Table IX. No appar- 
ent correlation was noted between the type 
of splenic rupture and the clinical picture. 
The associated intra-abdominal injuries are 
enumerated in Table II. 


RESULTS 


There were no deaths in this series. How- 
ever, severe associated injuries must be con- 
sidered when one evaluates the mortality 
rate. This series demonstrates that in the 
absence of such associated conditions, trau- 
matic rupture of the spleen in a child should 
not result in death. Morbidity varied directly 
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TABLE IV.—SYMPTOMS 


No. of cases 

ARMM MN be oe cc Wiese dnd eckenntneeeseann 29 
i Eee CCE OCT CORET CE TCT Cr errr er ree 18 
Localized in left upper quadrant.................. 7 
Later localization in left upper quadrant........... 4 
PONIES ce nccs Ae 6atnecaeadcwauadannseees 2 
CIE RINNE 6 ew ccedced cvuéeecateaciwemackes 2 

CN NIN aloes ovine naan dcevenutensasnedutees 14 
WAMEed wwe'ku annals tae dadedawctaaaesuceraeeenTes 12 
Right. Cee eeccuscccecoccesess Lowevtscsectsceseue 1 
po ey Cee Cree CTT Serer eee Meree tere 1 

Nausea with/without vomiting..................... 9 

UME OM CUMING ode as once vised eaceweuncenes 2 

Ms icc aaicsenamkdacdedsMetueCanslecnacnvarnes 1 





_ , No symptoms were elicited from 2 patients admitted with severe 
injuries. 


TABLE V.—PHYSICAL FINDINGS 


Sign No. of cases 
PIRI COIR oi oa 6 6oididis Kev bceweceeciows 32 
Localized in left upper quadrant.................. 19 
BM at xd caatevecacGvaKeieacteantacestaceds 8 
Later localization in left upper quadrant........... 3 
Localization in right upper quadrant............... 2 
en CII So 2 hace baiiindd in ccdcxchensaws 15 
FRIGMIGy OF TRUNGIS GUMKOTIE 55 05sec ccc ccceccccuces 25 
Localized in left upper quadrant.................. 12 
BUN ies aioe e ce naka eee eaten dc RREewKeke 10 
Later localization in left upper quadrant........... 2 
Localized in right upper quadrant................. 1 
Shoulder pain on increase in abdominal pressure... . 6 
PI MEIN Si area ccedsas ccuenddsnevacadades 1 


TABLE VI.—LABORATORY FINDINGS 


No. of cases 
Hemoglobin, gm./100 c.c. 
PERS hwiccws dutguinccivadecacdeescnscevuccdwte 16 
SUPRA acerdontesedwndcusuewahunacccauweed 5 
Ig eid ha. 06setaveddiedénddasdaescudaewawes 12 
White blood cells 10?/mm.? 
ME SR ac BEERS eked deddeccinebadsuecieau 16 
po SOP ET Ere rr rr eee err er 12 
WG Ri od hika ci wis asgcdkdcddedacavddccdwatsedus 5 
Neutrophils, per cent 
YO | SEER Or OPORTO TOE CTE CROP ET OTT 22 
PN Ga dacs cncdsceecsweecacaceuebecacacneudawens 8 
PORN 5 oad 'skk dase eehdwadaddiadnwasdavas a 


with the associated injuries (Table X). Gas- 
tric dilatation, a common complication of 
all abdominal procedures, carries an in- 
creased hazard following splenectomy in 
children because distention of the stomach 
may loosen the ligatures placed around the 
short gastric vessels. Pancreatic fistula fol- 
lowing splenectomy is unfortunately not 
rare. This is almost always due to the tech- 
nical error of transecting the unrecognized 
tail of the pancreas during ligation of the 
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TABLE VII.—INCIDENCE OF RADIOLOGIC FINDINGS 
PREVIOUSLY DESCRIBED IN RUPTURED SPLEEN 


No. of cases 

Stomach 
SEE SECRET COLVOUREE is 6.6: 6.6.6 8008 0 Saws eanninee 7 
cn USO OO eee I DOA OND ei asinee 5 





Increase in stomach diaphragm distance 0 

DStNMRGN GIGABCOR 00 TIGRE. 556.050 c 6'0:000.6:6.5.010 9:0 0:00 010 0'e 2 
Spleen 

Obliteration of splenic shadow.........0.0cesesecsees 1 

Increase in spleen kidney distance.................64- 0 

I nee ee oe | 
Diaphragm (left cusp) 

MER eng Xo sss sneer ae ah ewe en es ss AROA Me ORNOES 0 

co Oe ee eee ee ee re 0 

co SO ae eRe ee 0 
Rib 

MOPS ES SOE Ree eee See RTC y ern TE ae 0 
Small bowel 

PN TOE DROID S x iiiaiss vsi6's 00% 509.055 sae see ewies 0 

SD MSIE ia cnnnnsd essere vi-becksoaeieses 1 
Colon 

BDUEONIOG GIIODIG TORUS 6.55.55. 0/0 6:5.6:50'0:05:60 68 0.06 9:08-9:00 1 
Kidney 

Obliteration of left renal shadow...............000 00. 0 
Psoas 

RUN OCRICNE CRWETE 5.6 ivan vn wend deed eco ueanues 0 
Abdomen 

WENN 7). crisis eras sninls onwis ewe wali he ata wieeinte stokes te 0 

EA PANE POW yo 6 556.5560 soos sasuceneneaeine 0 


splenic pedicle. The colonic fistula with 
subsequent empyema also represents a surgi- 
cal misstep and should not be attributed to 
splenectomy per se. The draining sinus from 
the liver injury is an example of increased 
morbidity due to an associated injury. Post- 
operative bleeding did not occur in our 
series. 

The problem of postsplenectomy infection 
in infants and children has been the subject 
of much recent interest. Smith and associates 
reported 2 cases in which severe infections 
followed splenectomy for rupture of sup- 
posedly normal spleens. A follow-up study 
has revealed that no such episodes have de- 
veloped in any of our cases traced to date 
(8). It is our impression, based on this and 
other reported series, that splenectomy does 
not increase susceptibility to future infection 
in normal children. 


TREATMENT 


Splenectomy was performed in all of our 
cases. Up to 500 cubic centimeters of whole 





blood were given when replacement was 
deemed necessary. We favor a left parame- 
dian incision which provides rapid and excel- 
lent exposure in children. The vasa brevia 
should be ligated with suture ligatures in- 
corporating a seromuscular bite of gastric 
wall to prevent ligatures from slipping in 
case of gastric dilatation. Drains are gener- 
ally unnecessary. A Levin tube with contin- 
uous suction should be in place for 48 hours, 
after which oral intake can be started. The 
suggestion by Mazel that “‘simple superficial 
tears’’ should be sutured is mentioned only 
to be condemned. The risk of subsequent 
hemorrhage outweighs any theoretic dangers 
of splenectomy. 


DISCUSSION 


The original stimulus for this article was 
the delayed diagnosis of a severely lacerated 
spleen in several children with minimal 
symptoms and physical findings. This obser- 
vation suggested the possibility that perhaps 
a significant portion of young patients with 
ruptured spleens might not follow the classic 
descriptions of this condition. In reviewing 
the literature, we were impressed by the 
small amount of study devoted to splenic 
injury in childhood, and the emphasis placed 
upon the diagnostic value of signs of hemor- 
rhage. Certainly the clinical picture which 
has evolved from this series is completely 
different from that found in textbooks as 
well as in previous series. Since in the recent 
pediatric surgical text by Swenson the de- 
scription is, “faintness, excessive thirst, and 
anxiety on the patient’s part,” it is imperative 
that surgeons and pediatricians become 
aware of the fact that the majority of these 
patients never develop any evidence of vaso- 
motor difficulty. Perhaps the most important 
fact brought out in our series is that two- 
thirds of the children showed no symptoms, 
signs, or laboratory indications of blood loss. 

Had the diagnosis of a ruptured spleen 
been deferred because of the absence of 
these findings, delay and failure in correct 
therapy would have resulted. Furthermore, 
the aid which previous authors have attrib- 
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uted to roentgenographic studies has been 
shown to be overemphasized by the demon- 
stration in a control study of signs thought 
to be pathogomonic of ruptured spleen. Pre- 
sented then with an injured child showing 
no evidence of hemorrhage, what should 
direct one’s attention to the spleen? 

The triad of (1) history of trauma, (2) 
abdominal and/or shoulder pain, and (3) ab- 
dominal tenderness and muscle guarding, 
especially when localized to the left upper 
quadrant, is in our series far more typical 
of ruptured spleen in children than previ- 
ously emphasized signs of blood loss. Early 
exploration of children presenting this pic- 
ture will result in fewer castastrophes due to 
missed diagnoses, and an over-all lowering 
of morbidity. It appears that in the absence 
of severe associated injuries few, if any, of 
those children should succumb. Halter and 
Gross, in a study of nonpenetrating wounds 
of the abdomen in children, showed rupture 
of the spleen to be the commonest injury 
except for contusion of the kidney. Trauma 
of any nature or severity followed by ab- 
dominal and/or shoulder pain should imme- 
diately arouse suspicion of splenic fracture. 
The added presence of abdominal tenderness 
and muscle guarding, especially if localized 
to the left upper quadrant, we consider suffi- 
cient indication for laparotomy. It is obvious 
that if these limited criteria are applied, 
some abdomens will be explored in which 
splenic fracture is not present. We have had 
2 such cases. In one, a large hematoma in 
the mesentery at the ligament of Treitz was 
responsible for the left upper quadrant find- 
ings. In the other, the history of trauma was 
misleading, as at operation a large pulpy 
spleen typical of that seen in septicemia was 
found. In the 9 cases in which surgery was 
delayed for over 24 hours, subsequent tem- 
perature elevation with localization and in- 
creasing abdominal findings were helpful in 
arriving at the correct diagnosis. ‘The pres- 
ence of the modified Kehr’s sign and a rela- 
tive or absolute leucocytosis are also of aid. 
Several of these patients had severe splenic 
injuries in spite of minimal physical signs. 


Boley e¢ al.: TRAUMATIC RUPTURE OF SPLEEN IN CHILDREN 83 


TABLE VIII.—INCIDENCE OF ADDITIONAL RADIO- 
LOGIC FINDINGS NOTED IN THIS SERIES 


Sign No. of cases 
Wnereaee it GeetrOenle SORES. «6. v5 cccccccsivcescsees 2 
SPEER Gs cdccedecseuvadyeeans ae caneanswas 4 
Distention of colon to the splenic flexure................. 1 
Sentinel distention of transverse colon..................- 2 
Obliteration of both psoas shadows. ...........-.+.-000: 2 


Bilateral obliteration of the midportion of the properitoneal 
UN raiais oi co dcacdawoneicdageagdedaeesuaeduccend 

Obliteration of the midportion of the left properitoneal fat 
NS paren ede duckintsaseacensenenuedadeataunent 2 


TABLE IX.—TYPES OF SPLENIC INJURY 


No. of cases 

ee nn caeg tC OU CTE CLC CCT ETL TE ETO CCE 2 

SON indo oven ds siuesaduddcdaysedavsadax sanaves 6 

EMeROEE C8 POCONO RGINR ooo cdc ciccedcceccardnceeaes 23 
PN ie ccenkeecbrcdacnekueueaceueeuduaders 19 
MN islne cid iensnneecanwceeeveceacetaueuurane 4 

PO MIN ied dws dacnndccscendscuvcunecleueaeas 2 


TABLE X.—POSTOPERATIVE COMPLICATIONS 


Type No. of cases 
CRITE CRN ooo ods cocdideanssdsacedksedacntieves 1 
Prolonged drainage from liver laceration................ 1 
Fecal fistula, subphrenic abscess, and empyema.......... 1 
PAURNOEINS SOU ss.iseid cascddventesadadeuvenceceawns 1 


Without exploration occult hemorrhage may 
well have developed later and these children 
may have died. In viewof thisseriesit appears 
that a different clinical picture of ruptured 
spleen in children should be emphasized. 
Brenner and others have stated that the 
classical physical findings may be absent, 
but have inferred that this was the exception 
rather than the rule. Since two-thirds of our 
patients showed no evidence of blood loss of 
any degree at any time, we believe that 
signs of hemorrhage are uncommon in chil- 
dren, and that the triad described is a more 
valid basis for making the diagnosis of rup- 
tured spleen in childhood. The clinical and 
roentgenologic studies presented dispel any 
idea that the diagnosis of this condition in 
young patients is either easy or clear cut. 


SUMMARY 


1. Thirty-three children with traumatic 
rupture of the spleen have been studied and 
the significant clinical and laboratory find- 
ings presented. 

2. The failure of two-thirds of the patients 
to demonstrate any evidence of hemorrhage, 








classically described in this condition, has 
been emphasized. 

3. An extensive roentgenologic study has 
shown no sign which is pathognomonic of 
ruptured spleen. X-ray findings are only 
helpful when correlated with the clinical 
picture. 

4. The diagnostic triad of (1) history of 
trauma, (2) abdominal and/orshoulder pain, 
and (3) abdominal tenderness and muscle 
guarding, especially when localized to the left 
upper quadrant, has been suggested. Explor- 
atory laparotomy in children presenting this 
triad is recommended. 

5. The difficulties inherent in diagnosing 
rupture of the spleen in children have been 
described and the diagnostic importance of 
signs of blood loss in this condition ques- 
tioned. 
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A CHEMICAL DESCRIPTION OF INFLAMMATION 


AND REPAIR 


R. JACOB, M.S., and J. C. HOUCK, Ph.D., 


Washington, District of Columbia 


RECENTLY, we have developed semimicro- 
methods for the determination of hexosa- 
mine, hydroxyproline, and nitrogen in as 
little as 250 milligrams of skin (2). These 
three analyses permit an estimate of the 
concentration of the three major components 
of connective tissue, i.e., ground substance, 
collagen, and tissue protein, respectively. 

Using these methods, we studied the ef- 
fects of an intradermal injection of croton 
oil upon the chemistry of rat skin (3). This 
article reports in detail the chemical con- 
sequences of croton oil induced dermal in- 
flammation and the subsequent repair 
processes. The data which are described 
herein provide, for the first time, a quanti- 
tative chemical description of inflammation 
and repair. 


MATERIALS AND METHODS 


After rat skin was shaved and freed from 
hair, fascia, subcutaneous muscle, and adi- 
pose tissue, the tissue was autoclaved for 3 
hours in 10 milliliters per gram of 4 times 
normal hydrochloric acid. The tissue ex- 
tracts were then incubated at 100 degrees C. 
for 2 hours, at which point duplicate 0.1 
milliliter aliquots were removed for hydrox- 
yproline analysis according to the method 
of Blix. After 3 more hours at 100 degrees C., 
the remaining hydrolysate was analyzed 
for hexosamine and nitrogen. These repre- 
sented the optimal hydrolysis times for each 
component. In this manner, recoveries of 
the order of 90 per cent of added collagen 
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or hyaluronic acid could be effected for 
nitrogen, hydroxyproline, and hexosamine 
respectively. 

Sixty male Sprague-Dawley rats weighing 
between 220 to 250 grams were injected 
intradermally with 0.4 milliliter of croton 
oil in the right dorsal area. At various 
periods of time after injury, the animals 
were sacrificed in groups of 6, and both the 
injured area and an equivalent amount of 
skin of the opposite side of the animal were 
collected along with about 5 milliliters of 
blood. The tissues were analyzed as pre- 
viously described, and the sera were col- 
lected, mixed with -an equal volume of 
eight times normal hydrochloric acid 
and hydrolyzed as described. ‘The sera 
were analyzed for hydroxyproline and 
for nitrogen. 


RESULTS 


Pathology. Grossly, there was a necrotic 
response to the croton oil injection appear- 
ing within 24 hours. The ulcerous lesion 
was necrotic, covered an area of about 1.5 
square centimeters, and was lightly out- 
lined by erythema. After 7 days, all sur- 
viving animals formed an eschar which 
thickened during the following days and 
sloughed, on the average, on the seven- 
teenth day. The oil was enmeshed in the 
eschar with a minimum of suppuration. The 
wound was healed and overgrown with 
hair by the twenty-fourth day. 

Histologically, the injured tissue, when 
sectioned and stained in the usual manner 
with hematoxylin and eosin, showed the 
pattern of hemorrhagic ulceration and ne- 
crosis throughout both layers of the tissue 
producing a defect in the whole skin, fol- 
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Fic. 1. The effect of local croton oil injury upon the 
hydroxyproline (top) and hexosamine (bottom) ratio to 
nitrogen of injured (dotted line) and uninjured (solid 
line) skin. The arrows mark the formation and sloughing 
of the wound eschar. 


lowed by the formation of granulation tis- 
sue which lasted until about 2 weeks later, 
at which time fibroplasia began. After 17 
days the wound healed rapidly via fibro- 
plasia and epithelization. 

There was no apparent alteration in the 
histology of the uninjured skin during the 
entire course of the experiment. 

Chemistry. The expression of data in terms 
of micromoles of hexosamine or hydroxy- 
proline per millimole of nitrogen obviates 
the contributions to total tissue weight of 
fat and water. When the data are expressed 
in this manner, there is no statistical differ- 
ence in the analysis of various areas of the 
skin. The alterations in the ratios of hex- 
osamine and hydroxyproline to total nitro- 
gen with respect to time after injury for 
both the injured and uninjured skin are 
shown in Figure 1. There was a profound 
decrease in the hydroxyproline of the ne- 
crotic area within 3 days. For the following 
17 days the 30 per cent reduction in this 
component was maintained. On the nine- 
teenth day after injury, there was a rapid 
increase in the hydroxyproline content until 
normal values were reached on the twenty- 
fourth day. 

The ‘“‘uninjured”’ tissue lost some 15 per 
cent of its hydroxyproline by the sixth to 
seventh day, and not until the seventeenth 
day after injury was there an increase in 
this component. 
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The hexosamine concentration rapidly 
increased in the necrotic area until it was 
more than tripled on the third day. By the 
seventh day after injury, the hexosamine 
had decreased to slightly elevated levels 
where it remained until sloughing of the 
eschar occurred on the seventeenth day. 
The variations in the hexosamine concentra- 
tion of the uninjured tissue were not statis- 
tically significant. 

In view of the marked loss in dermal col- 
lagen occurring in the wound by the third 
and fourth days, and in the rest of the skin 
on the sixth and seventh days, the possi- 
bility of the release of hydroxyproline con- 
taining components into the circulation was 
investigated. The analysis of the hydroxy- 
proline ratio of the sera at various days after 
injury is shown in Figure 2. This curve 
indicates that there was an initial increase 
in serum hydroxyproline on the third and 
fourth days, with a further increase on the 
sixth and seventh days. At this point, the 
concentration of serum hydroxyproline was 
some 7 times higher than normal. There- 
after, the hydroxyproline blood level stead- 
ily declined toward normal. This elevation 
in a circulating hydroxyproline-containing 
component in the sera was made by inject- 
ing 0.4 milliliter of croton oil in a group of 
12 rats. Four animals were sacrificed 4, 6, 
and 7 days after injury and their blood 
pooled and aliquots analyzed for hydroxy- 
proline. The ratio of hydroxyproline to 
nitrogen in these sera was compared to that 
found in the precipitates produced by mak- 
ing the remaining volumes of pooled sera 
previously diluted 1:1 with saline to 50 per 
cent with ethanol. The results, without cor- 
rection for nitrogen loss due to nonprotein 
nitrogen, showed that essentially all the 
hydroxyproline was precipitated. Therefore, 
the hydroxyproline containing component 
was of considerable molecular size and must 
be considered a polypeptide. 


DISCUSSION 


The immediate and striking increase in 
the tissue hexosamine of the wounded area 
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corresponded with the histologic picture of 
granulation tissue formation, while the de- 
crease in hydroxyproline concentration 
paralleled the histologic decrease in col- 
lagen. At a time when there was little 
collagen in the wounded area, 70 per cent 
of the initial hydroxyproline remained, pre- 
sumably associated with the reticulin com- 
ponent. When, however, most of the super- 
normal hexosamine had disappeared from 
the wounded area by the seventh day, there 
was still an appreciable amount of granu- 
lation tissue remaining, but reticulin seemed 
more prominent histologically. For the next 
2 weeks the hydroxyproline reduction was 
maintained. A similar reduction in hydroxy- 
proline occurred in the uninjured skin of all 
the animals. That the constancy of the 
hexosamine and hydroxyproline ratios was 
not due to the analysis of the isolated eschar 
is shown by the similar duration of responses 
in the uninjured tissue. Further, the chemi- 
cal effects noted were not due to profound 
alterations in the tissue nitrogen, hence de- 
creasing the hydroxyproline to nitrogen 
ratio, since the concentration of nitrogen 
ranged only from 3.3 to 3.6 millimoles per 
gram of fresh skin, while the concentra- 
tion of hydroxyproline dropped from 360 to 
260 micromoles per gram of skin. There- 
fore, since the decrease in both injured and 
uninjured skin hydroxyproline. was valid 
the question ‘“‘where did this component 
go?”’ is of importance. 

The hydroxyproline analysis of the sera of 
these animals demonstrated elevations at 
both 3 to 4 and 6 to 7 days after injury. The 
biphasic curve illustrated in Figure 2 
closely paralleled the maximum release of 
tissue hydroxyproline from the injured (3 
to 4 days) and uninjured tissues (6 to 7 
days). Since the ratio of hydroxyproline to 
nitrogen in these sera was not reduced by 
ethanol precipitation but increased because 
of the nonprotein nitrogen remaining in the 
hydroxyproline free supernatant, the hy- 
droxyproline containing component must 
be a fairly large polypeptide. 

There was no return to normal collagen 
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Fic. 2. The effect of local croton oil injury upon the 
hydroxyproline to nitrogen ratio of rat sera at various 
times after injection. 


levels until 17 days after injury when the 
uninjured skin began to increase its hy- 
droxyproline concentration. The time re- 
quired for the disappearance of the circu- 
lating hydroxyproline containing polypep- 
tide must be due to either the rate of renal 
clearance or the rate of deposition of this 
component. The possibility that this mate- 
rial was deposited in the skin for use in 
collagen resynthesis is not likely since the 
tissue analyses showed no increase in hy- 
droxyproline until after sloughing had 
taken place. 

Since neither the croton oil nor any active 
fraction of the oil is water soluble, the 
‘systemic’ solubilization of dermal collagen 
was probably not due to any unique char- 
acter of the croton oil itself. This is being 
confirmed by using trypsin as the irritant in 
current experiments. The complete water 
insolubility of croton oil recommends it 
highly as the chemical irritant of choice 
since little spreading of the vesicant occurs 
to affect the wound area. 


SUMMARY 


By using semimicromethods for the anal- 
ysis of the hexosamine, hydroxyproline (col- 
lagen), and nitrogen (protein) concentration 
of rat skin, the effect of inflammation and re- 
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pair upon these parameters was studied. 
Both the injured and uninjured skin showed 
a decrease in hydroxyproline (30 and 15 per 
cent) within 3 to 4 and 6 to 7 days after 
intradermal injections of croton oil re- 
spectively. Associated with this decrease in 
dermal collagen was an increase in serum 
hydroxyproline which showed two peaks of 
concentration, one at 3 to 4 days, the other 
at 6 to 7 days after injury. 


Parallel histologic sections of the appro- 
priate areas of skin were also studied. No 
histologic changes in the uninjured skin 
were found. 
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PROGRESSIVE CHANGES IN VENTILATION FOLLOWING 





BILATERAL PULMONARY RESECTION 


DAVID V. PECORA, M.D., F.A.C.S., Ray Brook, New York 


IT HAS BEEN IMPLIED by Shumway and asso- 
ciates that following simultaneous bilateral 
pulmonary resection ventilation may be 
more efficient than after staged bilateral 
procedures. It is thought that after the 
former procedure patients are stimulated to 
use residual pulmonary tissues more fully. 
However, there is no objective evidence to 
prove or disprove this hypothesis. For this 
reason, the following study was undertaken. 


MATERIALS AND METHODS 


This study includes 35 patients with pul- 
monary tuberculosis. ‘Thirty-three were sub- 
jected to staged bilateral thoracotomy and 1 
to a simultaneous bilateral procedure. 
Thoracotomy was performed upon an addi- 
tional patient who had previously had a 
contralateral pneumonectomy at another 
hospital. The equivalent number of seg- 
ments removed at Ray Brook were as fol- 
lows: none in 2 operations, 1 in 38, 2 in 1, 
3 in 20, 4 in 2, 5 in 3, 6 in 2, and 10 (pneu- 
monectomy) in 1. 

Vital capacity was performed preopera- 
tively and postoperatively as previously re- 
ported (1) since it has been shown that it 
provides an accurate measurement of the 
ventilatory changes which follow resection. 

In compiling the various charts, no dis- 
tinction was made regarding the amount of 
lung removed, as it has been previously (1) 
shown that the postoperative changes in 
vital capacity are similar when 1 to 7 seg- 
ments have been resected provided every 
effort has been made to spare functioning 
lung. That the same conclusions apply to the 
cases comprising this study, is indicated by 
the fact that the average values for the first 


From the Ray Brook State Tuberculosis Hospital, Ray Brook, 


New York. 


operation in Figure 4 agree with those pre- 
sented previously (1). The pneumonectomy 
is excluded from the charts since it repre- 
sents resection of more than 7 segments. 

As previously, available data are ex- 
pressed as per cent of preoperative values for 
the first operation (Fig. 1). When an interval 
existed between the first and second opera- 
tions the postoperative vital capacity values 
for the latter are expressed as per cent of the 
vital capacity determined immediately prior 
to the second operation (Fig. 2a and b). To 
test the validity of this method of represent- 
ing the values of the vital capacity following 
the second operation, the values for vital 
capacity obtained after the first operation 
are also expressed as per cent of the last vital 
capacity obtained prior to the second opera- 
tion (Fig. 3a and b). These values are de- 
scribed as ‘“‘controls.” Since it might be 
expected that the rate of recovery of ventila- 
tion might be more rapid in the early post- 
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Fic. 1. Vital capacity following the first thoracotomy 
expressed as per cent of preoperative value. Crosses 
represent data from patients with contralateral function- 
less lungs. Ninety observations upon 31 patients. 
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Fic. 2. Vital capacity following the second thoracotomy 
expressed as per cent of the vital capacity determined 
immediately before the second thoracotomy. a, Second 
operation performed 60 days or less after the first one. 
Forty-six observations upon 18 patients. b, Second 
operation performed more than 60 days after the first 
one. Twenty-eight observations upon 9 patients. 


operative period than later, the data for 
second operations performed within 60 days 
of the first (Figs. 2a and 3a) are separated 
from data for second operations performed 
after a greater interval (Figs. 2b and 3b). 


RESULTS 


Figure 1 represents the results obtained 
following pulmonary resection of the first 
side. These values are similar to those ob- 
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Fic. 3. Vital capacity following the first thoracotomy 
expressed as per cent of vital capacity determined im- 
mediately preceding the second thoracotomy. a, Second 
operation performed 60 days or less after the first one. 
Forty-seven observations upon 18 patients. b, Second 
operation performed more than 60 days after the first 
one. Thirty-eight observations upon 11 patients. 


tained in a previous study of unilateral re- 
sections (1). It is interesting to note that the 
2 patients with contralateral functionless 
lungs behaved in the same way as the other 
patients. 

Figure 2a represents the values for vital 
capacity following operations performed 60 
days or less after a previous thoracotomy. 
Figure 2b represents similar data from pa- 
tients upon whom second operations were 
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performed more than 60 days after the first. 
It should be noted that the values are es- 
sentially in the same range when compared 
to each other and to those of Figure 1. The 
average values for Figure 2a and b, demon- 
strated in Figure 4, are essentially the same. 
It would appear, therefore, that there is no 
demonstrable difference in the rate of re- 
covery of function following the first com- 
pared with the contralateral operation and 
also with regard to the early compared with 
the late postoperative period, provided that 
the method of representing the data for the 
second operation does not introduce inac- 
curacies. 

Figure 3a and b are introduced as con- 
trols to determine whether or not the method 
of representing data for the second opera- 
tion introduces any inaccuracies. The values 
for Figure 3a and b, when averaged in 
Figure 4, produce curves which are roughly 
parallel to those representing the averages 
of Figure 2a and b. This would seem to indi- 
cate that this method of charting does not 
tend to produce a distortion. 

It is interesting to note that in Figure 4 
the patient subjected to simultaneous bilat- 
eral resection recovered function at the 
same rate as other patients. This is indi- 
cated by the fact that his curve is roughly 
parallel to the others. Moreover, the degree 
of depression in ventilation in the simul- 
taneous bilateral resection is approximately 
twice that of the others. 


DISCUSSION 


The results of this study seem to indicate 
that following surgery upon a single func- 
tional lung the degree of postoperative de- 
pression and rate of recovery in ventilation 
may differ in no way from what might be 
expected following unilateral surgery in a 
normal individual. The changes following 
bilateral surgery appear to be additive, and 
the rate of recovery does not seem to be 
affected by the interval between operations. 
In the light of these considerations, it would 
appear wise to limit simultaneous bilateral 
surgery to patients with good ventilatory 
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Data from the patient who had a simultaneous bilateral 
resection are also indicated. 


capacity. Bilateral surgery on patients with 
poor ventilatory capacity should be staged, 
the second operation being performed only 
after the patient’s ventilatory function has 
returned considerably toward normal. This 
usually requires 4 to 8 weeks. 


SUMMARY 


Vital capacity was determined at intervals 
before and after bilateral pulmonary resec- 
tion. The rate of recovery of function was 
similar following both first and second opera- 
tions, regardiess of the interval between 
procedures. The ventilatory deficit follow- 
ing bilateral surgery appears to represent 
the sum of the deficits resulting from each 
procedure separately. Functionally, there 
appears to be no advantage to simultaneous 
bilateral resection. Indeed, the latter pro- 
cedure may increase unnecessarily the bur- 
den placed upon the ventilatory reserve of a 
patient with pulmonary insufficiency. 
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PAIN AND THE FROZEN SHOULDER 


HARVEY P. KOPELL, M.D., F.A.C.S., and WALTER A. L. THOMPSON, M.D., F.A.C.S., 


New York, New York 


Curonic shoulder disability may be associ- 
ated with the following symptoms: 

Pain is an outstanding feature and usually 
is the first symptom noticed. It increases 
gradually; night pain becomes severe. The 
pain is poorly localized but is generally de- 
scribed as more intense at the posterior and 
superior aspects of the shoulder. Restriction 
of motion at first seems voluntary on the basis 
of pain. Subsequently, it is noticed that there 
is organic restriction of both active and 
passive motion. The condition is usually 2 or 
3 months old by the time the patient comes 
to the orthopedic surgeon. Significant shoul- 
der trauma is not often recalled. The se- 
quence may follow other upper extremity 
injury such as a Colles’ fracture. 

The patient is usually over 30 years of age. 
There is some atrophy about the shoulder. 
Early in the course of this condition discrete 
points of tenderness usually cannot be 
elicited. Roentgenograms of the shoulder are 
generally negative, though in some cases 
rotator cuff calcification may be incidentally 
present. Results of laboratory examinations 
are negative. This particular type of joint 
involvement seems peculiar to the shoulder. 

These are the major constituents of the 
syndrome known as the frozen shoulder. 
Basically, there are two major components: 
pain, severe at rest and during the night, 
and restriction of motion. The etiology and 
the location of the disease have not as yet 
been definitely established. 

Some of the opinions with relation to the 
pathogenesis of this condition are as follows: 

1. Restriction of motion leads to degen- 
erative changes which cause pain. In a cir- 
cular fashion this leads to further inhibition 
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of motion, and then more pain. The causes 
of this immobility may arise in the following 
fashion. The posture is a response to a local 
inflammatory condition or the restriction of 
motion imposed by a cast for a more distal 
injury. The arm is voluntarily held in an 
adducted position which is a somatic pos- 
tural representation of withdrawal to a fetal 
position. This is a psychosomatic mechanism. 

2. Pain is the initiating factor leading to 
restriction of motion and thence to degen- 
erative changes. The initiation may be radic- 
ular pain from foraminal encroachment of 
nerve roots. The mediation of pain, though 
possibly radicular in origin, is through auto- 
nomic pathways which makes the frozen 
shoulder an unusual variety of the shoulder- 
hand syndrome. The origin of pain is from 
a more distal point, for example, a wrist 
fracture. 

3. Local organic changes are the basis for 
the condition. Bicipital tenosynovitis, a ste- 
nosing tenosynovitis of the biceps tendon, is 
the cause of pain and restriction of motion. 
Tightness of the structures of the acromial 
arch above the humeral head leads to this 
disabling sequence. Any of the mechanisms 
mentioned can lead to an adhesive periar- 
thritis. 

The treatment based on these theories is 
varied. It can consist of exercises, manipula- 
tion, use of anti-inflammatory agents, so- 
matic and autonomic nerve blocks, cervical 
traction, surgical lysis for adhesions, and 
section of tight structures. In hands other 
than those of the originators, these treatment 
forms have had sporadic results, and in most 
cases would seem to have little influence on 
the course of the affliction. The untreated 
case has been said to follow a pattern as 
shown in Figure 1. From private communi- 
cations and experience rather than the 
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literature, the opinion has been formed that 
in most cases the pain has passed its maxi- 
mum and is on the wane after 9 months and 
that a good deal of the motion has returned 
within 18 months. Although the time spread 
may vary, the curve relationships are rela- 
tively constant. Dissatisfaction with the re- 
sults of treatment to date led us to re-explore 
the condition. 

The first step was the elaboration of 
criteria for the diagnosis which followed the 
eroup characteristics previously outlined. 
The assumption was made that the condi- 
tion was associated with discrete physical 
factors that could be explored. The next 
step was the consideration of the relation- 
ship of the pain to restriction of motion. The 
question was raised as to whether a true 
interdependence existed. Because the theories 
to date attempting to include both factors 
have not been productive of consistent re- 
sults, it was decided to investigate each of 
these elements independently. In that way, a 
priority, if one existed, could be established. 

As pain was the most urgent considera- 
tion this was examined first. It would be 
necessary to find a neurologic basis for a 
pain type exhibiting poor localization with- 
out a skin sensory defect, present at rest and 
severe at night. ‘The possibility of a compres- 
sive neuropathy of one of the nerves about 
the shoulder was considered. Using the cri- 
teria noted earlier we can eliminate sensory 
and mixed (motor and skin sensory) nerves 
supplying the shoulder. It may seem unusual 
to think of a motor nerve as a source of pain. 
One has only to remember first year medical 
school physiology —the induction of ischemic 
pain by fist clenching while an occlusive 
tourniquet is about the upper arm. It will 
be realized that the pain stimulus must have 
been mediated in part by the motor nerve. 

The pain area led us to the motor supply 
of the posterior aspect of the shoulder. Here 
two nerves would seem vulnerable to trauma 
from surrounding structures. These are the 
axillary and the suprascapular nerves. The 
axillary nerve can be eliminated because it is 
a mixed nerve. It has a direct skin represen- 
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Fic. 1. Relationship of pain and restriction of motion 
in average case of frozen shoulder. 


tation. There have been no sensory findings 
on examination to implicate this nerve. 
The suprascapular nerve meets the re- 
quirements. It is a motor nerve with sensory 
fibers for muscles and joints. It arises from 
the upper trunk of the brachial plexus and 
courses down posteriorly to reach the supra- 
spinous fossa by passing through the supra- 
scapular notch Figure 2. The notch is roofed 
over by the superior transverse scapular liga- 
ment. ‘This forms a foramen through which 
the nerve passes to supply motor branches to 
the supraspinatus muscle and infraspinatus 
muscle and sensory branches to the acromio- 
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Fic. 2. Anterior projection of suprascapular nerve and 
its supply points. A, Branch of suprascapular nerve to 
shoulder joint capsule; B, to acromioclavicular joint; C, 
to supraspinatus muscle; D, to infraspinatus muscle. 
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Fic. 3. Coronal view of relationship of suprascapular 
nerve. B, Relationship in normal anatomic position; 
C, nerve tension produced by the arm position shown by 
the arrow in A. 


clavicular and a portion of the shoulder 
joint. The foramen has hard inelastic sides; 
the edges are sharp. The vulnerability of the 
nerve to trauma by the edges of the opening 
through which it passes becomes apparent 
when the range of motion of the scapula is 
considered. The nerve has a relatively fixed 
origin from the upper trunk. It is also fixed 
by its muscular and joint ramifications. 
Therefore, at extremes of motion when the 
nerve is taut, the foramen edges can exert 
pressure. It is believed that the tightened 
suprascapular nerve can exert a traction 
force on the upper trunk. This can be re- 
sponsible for the complaint of the diffuse, 
deep pain in the arm and forearm often 
noted in cases of frozen shoulder. The tether- 
ing of the nerve by the upper trunk and 
foramen edges may also play a role in the 
incidence of upper trunk lesions commonly 
seen in an Erb’s palsy. 

It was demonstrated by dissection that 
the nerve would be rendered taut by forward 
motion of the shoulder girdle, especially 
when the upper extremity was brought into 
forced cross body adduction (Fig. 3). Several 
of our cases that satisfied the clinical criteria 
for a frozen shoulder were then reviewed 
with reference to the possibility of significant 
precipitating shoulder motions. The follow- 
ing brief presentations of case histories are 
illustrative. 
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Case 1. A 40 year old female was confined to a 
wheel chair because of a spinal disability affecting 
her lower extremities. The patient complained of 
right shoulder pain and inability to raise the right arm. 
The pain was exceptionally severe during the night. 
It had been present for 4 months prior to her initial 
visit. The restricted motion had been recognized 2 
months previously and had become more marked. 
No history of a discrete incident of shoulder trauma 
could be elicited. The patient presented painful active 
and passive combined abduction to 30 degrees. X-ray 
films of the shoulder and neck and laboratory data 
revealed no abnormality. A careful review of the 
patient’s activities brought the following to light: 
She was in the habit of doing various household 
chores, such as washing at a sink, by bringing the 
left side of her wheelchair against the working sur- 
face. She would then perform the desired action with 
her right hand. Her right arm would be adducted 
across her chest to reach the work area (Fig. 4). 
Since the onset of her pain, working in this position 
had been impossible because of aggravation of 
symptoms. 

Case 2. The patient was a 56 year old laborer who 
was injured when a weight on the end of a cable 
hit him at the posterior aspect of the shoulder (Fig. 
3A, arrow X). Following this he developed pain and 
limitation of shoulder motion which had increased in 
severity despite physiotherapy, hydrocortisone into 
the shoulder joint, and steroids systemically. When 
first seen, 11 months after injury, he complained of 
severe night pain and restriction of shoulder motion. 
There was marked tenderness of the acromioclavicular 
joint. Laboratory and x-ray investigations yielded 
normal values. The trauma as illustrated in Figure 
3A was one which drove the scapula forward in 
relation to the neck and chest wall. 

Case 3. The patient was a 49 year old female with 
a 4 months’ history of pain and restriction of motion 
of the left shoulder. Night pain was present and 
troublesome. The shoulder disability followed success- 
ful cardiac surgery. As the patient tended to keep 
her arm immobilized at her side for a period after 
the surgery she could not date the onset of shoulder 
difficulty within a matter of weeks. She then became 
aware of the pain and motion difficulties. The patient 
presented painful restriction of motion of the left 
shoulder. Combined abduction to 30 degrees caused 
pain. Her referring physician stated that during the 
surgery her left arm had been maintained in a for- 
ward position flexed and adducted across her body 
(Fig. 5). It was believed that this position which 
bears a close relationship to that shown in Figure 3C 
may well have been responsible for suprascapular 
nerve trauma. 


As noted earlier these cases satisfied the 
clinical criteria for a frozen shoulder and 
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have been presented because they illustrated 
the motion relationship of the scapula which 
could have caused trauma to the suprascap- 
ular nerve as adduced from our dissections. 
Although there were several cases illustrat- 
ing the same type of trauma in terms of force 
directions, there were others in which this 
relationship could not be developed. ‘The on- 
set either followed other nonspecifiable 
trauma or was spontaneous. 

Having formed the hypothesis that the 
suprascapular nerve was the source of pain 
in this condition, proof was sought. The use 
of hydrocortisone for the localization of an 
inflamed nerve segment had been reported 
(2). It was decided to try suprascapular 
blocks with this substance. This has been 
used in more than 20 cases designated as 
frozen shoulder and 3 cases of pain without 
restriction of motion which we considered 
“pure” suprascapular neuralgia. In all cases 
there was substantial pain relief, especially 
rest pain, within 24 hours. This relief per- 
sisted for from 3 to 7 days; in some the relief 
was longer. 

The specificity of the suprascapular area 
was tested against other injection sites, i.e., 
rotator cuff, insertion of levator scapula, 
bicipital groove area, and the acromio- 
clavicular joint. Repeated suprascapular in- 
jections of hydrocortisone in many cases 
provided sufficient pain relief to warrant 
awaiting return of motion without further 
formal procedures. In Cases 1 and 3, this 
took 2 months. At the end of that period, 
rest and motion pain had disappeared, and 
motion was 90 per cent of normal. 

Although the results of the suprascapular 
blocks with hydrocortisone represented 
strong inferential evidence that the supra- 
scapular nerve at this point was inflamed 
and was the pain source, additional proof 
through direct visualization was sought. We 
used, as indication for surgery, a successful 
response to a suprascapular block with hy- 
drocortisone which was not sustained. Surgi- 
cal intervention as a possible way of obtain- 
ing permanent relief seemed warranted. The 
following is a report of such a case. 
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Fic. 4. Working position in Case 1. Note adducted 
position of right arm. 


Case 4. P. D. was a 46 year old male patient who 
complained of pain and complete restriction of mo- 
tion of his left shoulder. The pain, present at rest 
and during the night, was described as embracing 
the whole superoposterior aspect of the shoulder. It 
was intensified at an area corresponding to the anterior 
projection of the coracoid process. 

The patient had fallen on the lateral aspect of his 
shoulder some months previously. A fracture of the 
proximal humerus had resulted. Treatment had con- 
sisted of a period of immobilization followed by 
encouragement of motion. As he continued to have 
pain and restriction of motion, the referring surgeon 
manipulated the shoulder under general anesthesia 
on 2 occasions. This had not resulted in any improve- 
ment. Since substantial but transient relief of pain 
had been obtained by suprascapular blocks with 
hydrocortisone, exploration of the nerve seemed indi- 
cated. The surgical access was fashioned after the 
exposure of the suprascapular nerve as shown in 
Grant’s Atlas of Anatomy. On exposure the nerve was 
found to be swollen and to fill the suprascapular 
foramen completely. Section of the suprascapular liga- 
ment revealed a transverse indentation of the nerve 
at the site of former ligament pressure. Rest pain 
disappeared by the second postoperative day. At the 
end of the third postoperative week the patient had 
a 30 per cent return of shoulder motion; pain was no 
longer a factor of his daily existence. 

















Fic. 5. Position on operating table in Case 3. Note 
adducted position of left arm. 


The same procedure has been done in 2 
other patients for the same indications. In 
each case, the suprascapular nerve was found 
to present a tight fit within the suprascapular 
foramen, and a transverse pressure indenta- 
tion was seen at the site of the transverse 
ligament. Operation was followed by relief 
of rest pain and by a gradual increase in the 
range of pain-free motion. 


DISCUSSION 


The theory of the existence of a compres- 
sive neuropathy of the suprascapular nerve 
with visualized proof has been presented. It 
is our belief that this can exist as a “‘pure” 
entity or in association with restriction of 
scapulohumeral motion. When the latter is 
present it is called a frozen shoulder. Al- 
though this neuropathy may occur without 
pertinent regional history there is one force 
direction which has been observed to cause 
nerve trauma. The force is one that causes 
the scapula to wing laterally and forward, 
as when the arm is brought forward across 
the body close to shoulder level. In our cases 
of diagnosed neuropathy this motion per- 
formed passively caused exacerbation of 
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pain. The persistence of the neuropathy is 
attributed to constriction of the swollen 
nerve within the suprascapular foramen. 
The operative procedures to date have been 
performed in cases diagnosed as a frozen 
shoulder. Gross pathologic changes were ob- 
served in the nerve substantiating the diag- 
nosis. Although some increase in motion 
occurred, the change has not been as marked 
as the decrease in pain following the pro- 
cedure. The voluntary restriction based on 
pain cleared up soon after the operation, 
the organic or fibrous restriction remained 
unaffected in the postoperative period. This 
observation would tend to bear out the hy- 
pothesis made earlier that there are separate 
physical bases for pain and for restriction of 
motion. 


SUMMARY 


The clinical criteria for the diagnosis of 
frozen shoulder have been presented. The 
major symptoms of the condition are rest 
pain and restriction of motion. The pain is 
believed to originate in a compressive neu- 
ropathy of the suprascapular nerve. Although 
the suprascapular nerve is a motor nerve it 
carries sensory components from muscles 
and joints. The nerve is vulnerable to trauma 
as it passes through the foramen formed by 
the superior transverse ligament closing the 
suprascapular notch. The presence of the 
damaged nerve segment was inferred by the 
reaction to hydrocortisone nerve block and 
confirmed by operative visualization. 
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IS RADICAL MASTECTOMY AN OBSOLETE PROCEDURE? 


0. THERON CLAGETT, M.D., F.A.C.S., Rochester, Minnesota 


CARCINOMA OF THE BREAST occurs relatively 
commonly, and its treatment has enjoyed 
the attention and interest of surgeons for a 
great many years. For 60 years, radical 
mastectomy as introduced by Halsted and 
Meyer has been accepted generally as the 
most effective treatment available for mam- 
mary carcinoma, and numerous large series 
of cases in which this procedure was used 
have been reported. Evidence of dissatisfac- 
tion with this method of treatment of this 
disease has appeared in recent medical litera- 
ture. Some pessimists have indicated that, 
in their opinion, radical mastectomy has not 
materially affected the natural course of 
mammary carcinoma and that all efforts to 
treat this disease probably are futile. In an 
effort to improve the results obtained by 
classic radical mastectomy, a few surgeons 
have developed more extensive operations 
that extirpate routes of lymphatic spread 
not included in the usual operation for mam- 
mary carcinoma. In another direction, con- 
siderable enthusiasm has been engendered 
for the concept that simple mastectomy or 
simple mastectomy plus irradiation provides 
just as effective or even more effective treat- 
ment of carcinoma of the breast than does 
the classic standard radical mastectomy. 
Along with the development of these vary- 
ing opinions regarding the direct surgical 
treatment of mammary carcinoma has oc- 
curred the development of a variety of ways 
of influencing this malignant tumor by al- 
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terations in hormonal environment and some 
innovations in radiation therapy. Thus, the 
proper treatment of mammary carcinoma 
has become a controversial problem. 

It is entirely appropriate that the status 
of radical mastectomy in the treatment of 
carcinoma of the breast should be ques- 
tioned. Treatment of disease should never 
become routine or static. Criticism of old 
methods of treatment and development of 
new and different viewpoints and _ thera- 
peutic techniques are essential to progress 
and should be encouraged. However, the 
current conflicting opinions regarding the 
treatment of carcinoma of the breast pro- 
vide a difficult dilemma for conscientious 
surgeons faced with the responsibility of 
treating patients afflicted with this disease. 

The viewpoint that treatment of carci- 
noma of the breast by all presently available 
means is futile and that early diagnosis does 
not influence the results of treatment scarcely 
deserves serious consideration. The concept 
of performing a more extensive operation 
than that represented by classic radical 
mastectomy is attractive. However, it must 
be remembered that carcinoma of the breast 
can extend by routes and means that cannot 
be controlled by any surgical procedure. 
Furthermore, operations of more radical ex- 
tent necessarily are accompanied by in- 
creased morbidity, mortality, and disability. 
Not enough patients have been treated by 
superradical operations and have had follow- 
up studies over a long enough period to 
allow accurate evaluation of the effective- 
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ness of these procedures. It would appear 
reasonable to encourage those surgeons who 
have pioneered in the development of super- 
radical operations for carcinoma of the 
breast to continue their efforts in this direc- 
tion. However, it would not appear reason- 
able to encourage other surgeons to attempt 
such superradical operations until convincing 
evidence exists that the more radical opera- 
tion does accomplish better results without 
increased hazard or disability. 

While the use of simple mastectomy or 
simple mastectomy plus irradiation rather 
than classic radical mastectomy in the treat- 
ment of mammary carcinoma has aroused 
considerable interest and has gained many 
advocates in recent years, it was not possi- 
ble until recently to collect series of patients 
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large enough and observed for a sufficient 
period to permit comparison of the ef- 
fectiveness of these two methods of treat- 
ment. While it is obviously impossible to 
compare accurately series of cases that are 
not part of a controlled study, the compari- 
sons that are possible indicate that classic 
radical mastectomy offers approximately 20 
per cent more 5 year survivals than can be 
accomplished by simple mastectomy and 
irradiation. Since a properly performed 
radical mastectomy actually involves less 
risk, morbidity, and disability than does 
simple mastectomy plus aggressive radia- 
tion therapy and is more effective, it is ob- 
vious that radical mastectomy should re- 
main the treatment of choice for carcinoma 
of the breast at the present time. 
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A PLEA FOR CONSERVATISM IN ESOPHAGEAL SURGERY 





F. HENRY ELLIS, JR., M.D., F.A.C.S., Rochester, Minnesota 


THE DEVELOPMENT of esophageal surgery 
has been slow and arduous. Attention has 
been and continues to be directed primarily 
toward the technical aspects of the opera- 
tion. This emphasis, coupled with other 
advances in surgical practice, now permits 
the surgeon to perform a multitude of com- 
plicated surgical procedures on the esoph- 
agus for a variety of conditions with accept- 
ably low mortality and morbidity rates. 
Unfortunately, our knowledge regarding 
esophageal function in health and disease 
has not kept pace with the rapid improve- 
ments in the technical aspects of esophageal 
surgery. Incredible as it may seem, there is 
still no uniformity of opinion regarding the 
basic mechanism responsible for gastro- 
esophageal continence. The cause of esophag- 
eal achalasia is still unknown. Fortunate- 
ly, through the use of studies of esophageal 
motility, physiologists and clinicians are be- 
ginning to clarify for us some of these basic 
fundamentals. It is time now for the surgeon 
interested in esophageal disease to emphasize 
function as well as technique. 

In spite of our ignorance concerning 
esophageal physiology, the relative safety 
with which operations can be performed on 
this organ has led in some instances to the 
use of ill-advised surgical procedures. This 
aspect of present-day esophageal surgery is 
alarming, and a word of warning seems jus- 
tified. With such a variety of surgical pro- 
cedures now available to the surgeon, it is 
admittedly difficult to choose the proper one 
for the appropriate condition. Surely, how- 
ever, the fact that a given procedure can be 
done safely cannot be considered a valid 
reason for doing it. Procedures when chosen 
should be physiologically planned and care- 
fully selected. Often, proper evaluation of 
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the patient’s symptoms, combined with in- 
dicated laboratory studies, may disclose 
that the proper treatment is not surgical. 

Examples are easy to cite. Probably the 
commonest esophageal symptom is dys- 
phagia. When an abnormality is demon- 
strated by an esophagogram, it is inviting to 
relate it to the patient’s symptoms. An 
epiphrenic diverticulum, however, rarely 
gives rise to symptoms and surgical excision 
is indicated infrequently. In fact, a patient 
with such a lesion may have achalasia of the 
esophagus as a cause of his dysphagia. Ex- 
cision of the diverticulum without relief of 
the distal esophageal obstruction in such a 
case may lead to leakage, recurrence of the 
diverticulum, and even reoperation requir- 
ing esophagogastrectomy with a resulting 
incompetent cardia and gastroesophageal 
reflux. 

The sequelae of gastroesophageal reflux 
are now well known; they include esoph- 
agitis and frequently formation of stricture. 
They may follow any procedure which de- 
stroys the esophagogastric mechanism, about 
which so little is known. It seems unwise, 
then, to tamper surgically with the esoph- 
agogastric junction unless it is already de- 
stroyed by scarring or unless the lesion in 
question may itself destroy the patient, as 
may occur when malignant processes are 
present or in some patients with esophageal 
varices. Cardioplasty never should be car- 
ried out in a patient with achalasia. Neither 
are interposition procedures indicated in 
uncomplicated cases of this type. 

If surgical treatment is elected for a pa- 
tient with achalasia of the esophagus, care- 
ful division of the distal esophageal circular 
muscle will relieve the obstruction. How- 
ever, any embellishments to the operation 
may jeopardize the result. Inadvertent 
division of the vagi, incision of the diaphrag- 














matic crura, a long incision onto the stom- 
ach, or disruption of the diaphragmatico- 
esophageal membrane with a resulting post- 
operative diaphragmatic hernia are sur- 
gical accidents to be scrupulously avoided. 
Knowledge of esophageal physiology will 
point out the dangers of doing more than 
the indicated procedure. When properly 
done, esophagomyotomy does not require a 
concomitant gastroenterostomy or pyloro- 
plasty. A gastric drainage procedure may, 
however, be indicated when esophagomy- 
otomy has been improperly done and gastro- 
esophageal reflux occurs postoperatively. 
Surgical repair of a sliding esophageal 
hiatal hernia is clearly indicated in most 
cases of reflux esophagitis. It is impor- 
tant, however, to determine preoperatively 
whether the hernia is reducible or whether 
esophagitis has led to scarring with resultant 
esophageal shortening. In the latter cir- 
cumstance, efforts designed to reduce the 
hernia are almost surely doomed to failure. 
Preoperative esophagoscopy usually will 
distinguish between a reducible and a non- 
reducible esophageal hiatal hernia. When 
esophageal stricture is associated with a 
short esophagus type of hiatal hernia, some 
type of esophagogastrectomy may become 
necessary after medical management, in- 
cluding dilatation, fails. A procedure should 
be selected which either prevents postoper- 
ative gastroesophageal reflux or which ren- 
ders the patient achlorhydric but still main- 
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tains normal gastrointestinal continuity. In 
the absence of a stricture, a more conserva- 
tive procedure may be effective in relieving 
patients with short esophagus of their 
symptoms of gastroesophageal reflux. ‘There 
is some evidence that a gastric drainage 
procedure, preferably of the Finney type, 
may be suitable in such cases. Although the 
inclination may be to carry out concomitant 
vagotomy to reduce gastric acidity under 
such circumstances, results of experimental 
studies indicate that this added procedure 
accentuates rather than alleviates the eso- 
phageal pathologic process. 

The role of surgery in malignant disease 
of the esophagus has yet to be clearly out- 
lined. An aggressive surgical attack, par- 
ticularly on squamous cell carcinoma of the 
lower portion of the esophagus and cardia, 
seems well justified by the available statis- 
tics. Extensive interposition procedures may 
indeed prove to have a definite, although 
perhaps limited, place in the treatment of 
this disease, both as a curative and a palli- 
ative procedure for the relief of disabling 
dysphagia. In benign disease, however, sur- 
gical procedures on the esophagus should 
be physiologically planned and _ conserv- 
atively executed. The severity of the com- 
plications and the life of misery which may 
lie ahead of the patient with benign eso- 
phageal disease who undergoes an ill-advised 
surgical procedure should serve as a warning 
to all engaged in this field. 
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THE ANATOMIC RELATIONSHIPS OF THE 
BIFURCATION OF THE TRACHEA 


RAE D. LAURENSON, M.B., Ch.B., Kingston, Ontario, Canada 


WITHOUT A THOROUGH KNOWLEDGE of anatomy, 
no surgical procedure, however straightforward 
it may seem to be, is free of danger. Therefore, 
when surgeons are turning more readily to the 
bronchoscopic approach in the investigation of 
mediastinal conditions, it is appropriate to re- 
view the anatomy in the region of the bifurcation 
of the trachea. In my experience, one of the 
best ways to study the anatomy under discussion 
is by means of a coronal section of the thorax of 
a cadaver (Figs. 1, 2, and 3). While the photo- 
graphs of such a specimen show clearly that the 
approach to the mediastinum through the re- 
gion of the carina is a straightforward procedure 
to the skilled manipulator of the bronchoscope, 
they also show that the procedure is not without 
hazards. To demonstrate the anatomic relation- 
ships more clearly, a piece of slightly curved 
polythene tubing has been thrust through the 


From the Department of Anatomy, Queen’s University, King- 
ston, Ontario, Canada. 








Fic. 1. 


Coronal section of thorax with tube in right 
bronchus. 
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floor of the right bronchus into the left atrium. 
In diagnostic procedures, needles of less than 1 
millimeter bore are used. 

In Figure 1, the tube, at a distance of 1 
centimeter from the carina, is seen projecting 
superiorly from the right bronchus. Anterior to 
the right and left main bronchi lies the posterior 
wall of the bifurcation of the pulmonary artery. 
Above and to the left, the aorta may be seen 
connected to the left pulmonary artery by the 
ligamentum arteriosum. 

In Figure 2, the second stage of the dissection, 
the tube crosses a space before passing behind a 
remnant of pretracheal fascia to enter the left 
atrium. To expose this space, the posterior wall 
of the pulmonary artery was reflected to the left 
to reveal the pretracheal fascia. Posterior to this 
fascia and inferior to the bifurcation of the 
trachea are carbonized and calcified lymph nodes 
of the inferior tracheobronchial group. These 
nodes were removed with difficulty leaving the 
gaping space crossed by the tube. 


Fic. 2. Same specimen as in Figure 1 with pulmonary 
artery reflected. 
















Fic. 3. Photograph showing atrial wall reflected. 


In Figure 3, the anterior wall of the left 
atrium has been reflected also, and the tube is 
seen within the atrium. 

From a practical point of view it is thought 
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that heavily calcified lymph tissue, inferior to 
the bifurcation of the trachea, may give rise to 
difficulty either in the bronchoscopic approach 
to the left atrium as described by Allison and 
Linden or in aspirating material for biopsy from 
the mediastinal nodes as described by Schiep- 
pati. Finally, it is apparent that such procedures 
should not be undertaken without careful con- 
sideration of the techniques described by those 
authors. 
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NEW ATRAUMATIC, HEMOSTATIC CLAMPS FOR 


GASTROINTESTINAL SURGERY 


FREDERICK W. MUNSON, M.D., F.A.C.S., Chicago, Illinois 


In 1948, Potts reported the development of a 
new clamp for use in the surgical division of the 
patent ductus arteriosus. The development of 
this clamp arose out of the necessity for having 
an instrument that was hemostatic and atrau- 
matic but which, above all, would securely hold 
tissue without permitting the divided ductus to 
slip from its grasp. The essential principle of the 
instrument was embodied in a row of fine teeth 
in opposing jaws. Subsequently, somewhat 
larger clamps of similar design were developed 
for use on the aorta. 

Application of this principle to clamps de- 
signed for gastrointestinal surgery seemed indi- 
cated. Most gastrointestinal clamps either crush 
tissue or are frequently insecure, allowing tissue 
to slip out of the bite of the instrument. Both a 
straight and a curved clamp employing the 
principle of the vascular clamp have been de- 
signed. ‘The clamps are hemostatic, noncrushing, 
and hold tissue securely without slipping. Spil- 
lage from the stomach or intestine is prevented 
until the lumen is closed by suture. 


From the Department of Surgery, Northwestern University 
Medical School, and Chicago Wesley Memorial Hospital, 
Chicago. 


Application of these clamps for both gastric 
and intestinal surgery has facilitated the tech- 
nique. They have been found especially useful 
in gastric resection. The clamps, both straight 
and curved, are hollow ground, facilitating 
passage of a curved needle into tissue projecting 
from the clamp (Fig. 1). With the use of these 
clamps, hemostasis is excellent and even tissue 
under tension does not have a tendency to slip. 

Use of the instruments in gastric resection is 
illustrated. Figure 2 demonstrates closure of the 
duodenal stump by using the straight clamp. In 
the obese patient with a deeply lying duodenum, 
the curved clamp may be substituted. The 
advantage of use of this type of clamp is ap- 
parent, obtaining the benefits of hemostasis 
while suturing and of no spillage of intestinal 
content plus the very important advantage of 
including no crushed devitalized tissue in the 
actual closure. 

Figures 3 and 4 demonstrate closure of the 
lesser curvature of the stomach as in Hofmeister’s 
modification of gastric resection. The straight 
clamp is used in this instance. A Payr clamp 
has been placed from the greater curvature side 
of the stomach for a distance of approximately 5 





Fic. 1. Straight and curved gastrointestinal clamps. 
Shapes allow ease in suturing close to clamp. 
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Fic. 2. Straight clamp used in closure of duodenal 
stump. 











Fic. 5. 


centimeters which provides the stoma for the 
gastrojejunal anastomosis. The crushed tissue 
included in the Payr clamp is excised prior to 
making the anastomosis. 

Figure 5 illustrates use of the curved clamp to 
support the stomach preparatory to doing the 
gastrojejunal anastomosis. The long handle of the 
curved clamp permits easy access to the stomach 
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Fic, 4. 


Fic. 3. Application of straight clamp to stomach 
preparatory to closure of lesser curvature. 

Fic. 4. Closure of lesser curvature of stomach using the 
straight clamp. 

Fic. 5. Curved clamp supports gastric remnant. Inset, 
straight clamp is shown supporting jejunum for anasto- 
mosis. 


beneath the rib margin. The straight clamp sup- 
ports the jejunum for the anastomosis (Fig. 5, 
inset). At this step of the operation, freedom 
from bleeding allows greater accuracy in sutur- 
ing. In high gastric resection, the curved clamp 
so securely supports the gastric remnant without 
slipping that traction can be applied to bring the 
remnant into the field. This has markedly facil- 
itated this step of the procedure. 


SUMMARY 


These curved and straight gastrointestinal 
clamps are new instruments based on the princi- 
ple of the Potts vascular clamp. They provide 
secure, noncrushing, and hemostatic support of 
tissue. Adaptations to techniques in gastroin- 
testinal surgery other than those herein illus- 
trated will suggest themselves to the individual 
surgeon. 
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THE PARTIAL OR COMPLETE PORTACAVAL SHUNT 


ALFRED M. LARGE, M.D., F.A.C.S., and CHARLES G. JOHNSTON, M.D., F.A.C.S., 


Detroit, Michigan 


DURING RECENT YEARS, the venous shunt opera- 
tion has become established as the best elective 
method for the treatment of patients with bleed- 
ing esophageal varices. These shunts are made 
between the portal and systemic systems of veins 
and are, therefore, known as portacaval shunts. 
A portacaval shunt may be partial or complete; 
a complete shunt is defined as one in which all 
the portal blood is diverted away from the liver 
into the vena cava, while a partial shunt is one 
in which the portal vein itself is left open so that 
blood may pass through this channel to the liver, 
as well as through the newly created anastomotic 
opening. The end-to-side portacaval shunt is a 
complete one. The splenorenal and side-to-side 
portacaval anastomoses are partial shunts. 

Since there are no valves in the entire portal 
system of veins, it is reasonable to assume that 
whatever the site of shunting, the effect will be the 
same upon the vascular mechanics of the portal 
vein and upon the liver itself. This assumption 
proved true both experimentally and clinically. 

Complete portacaval shunts have been known 
to exert harmful effects upon animals since the 
first satisfactory operation was performed by Eck 
in 1876. The syndrome of meat intoxication 
which occurs in dogs following the creation of an 
Eck fistula is well known, and has recently been 
carefully restudied by Bollman with evidence in- 
dicating that this phenomenon is in some manner 
related to certain types of hepatic coma seen 
clinically. Complete shunts performed on pa- 
tients have likewise been shown to produce 
harmful effects; for most of the reported series 
of patients with complete portacaval shunts 
show the risk of operation to be higher and the 
morbidity of operation with subsequent liver 
failure greater after these procedures than fol- 
lowing partial portacaval shunts. In addition, 
frequent instances of late neurologic complica- 
tions after complete shunts have been reported 
by Hallenbeck and others. 


From the Department of Surgery, Wayne State University 
College of Medicine, the Detroit Receiving Hospital, and Grace 
Hospital, Detroit. 


Theoretically, the partial shunt is much more 
desirable than the complete. It would seem 
reasonable that as much portal flow to the liver 
as possible should be maintained, even in the 
cirrhotic patient. Splenectomy with splenorenal 
anastomosis satisfies these requirements, but un- 
less the splenic vein is very large the shunt itself 
is quite likely to become thrombosed in either 
the early or late postoperative period. Side-to- 
side portacaval anastomosis is the other feasible 
and practical operation which creates a partial 
shunt. This operation is possible in the majority 
of patients with portal venous hypertension; it 
is technically easier to perform, at least in our 
hands, than is splenectomy with splenorenal 
anastomosis; the chances of permanent success 
are greater since the shunt does not tend to 
close; and the operative risk is not appreciably 
greater than for splenorenal shunt. Our early 
enthusiasm for the side-to-side portacaval anas- 
tomosis reported some years ago (4) has con- 
tinued with increasing experience and seems to 
have been shared by others who have become 
interested in the procedure. 

Evidence also is accumulating to indicate that 
the side-to-side portacaval anastomosis is useful 
for the treatment of intractable ascites and 
cirrhosis of the liver. We have noted gratifying 
results in a number of such cases, several of 
which have been reported previously (4), the 
disappearance of ascites having occurred even 
in those patients who had been completely in- 
tractable to conservative measures prior to the 
shunting procedure. Welch has recently become 
interested in this approach to the treatment of 
ascites, and has reported favorable results after 
operation in 6 patients. He postulates that the 
benefit obtained by side-to-side portacaval anas- 
tomosis is related to increased venous runoff from 
the liver via the portal vein. Such a mechanism, 
he believes, would decrease the load in the 
lymphatic system of the liver and in this way 
lessen the formation of ascitic fluid. This con- 
cept, thus, lends support to the use of the side- 
to-side portacaval shunt for patients with ascites, 











Fic. 1. 


Fic.1. a, Operative exposure and beginning mobiliza- 
tion of duodenum and head of pancreas. b, Inset shows 
position of patient and type of incision used. 

Fic. 2. a, Common bile duct mobilized and drawn 
forward. Sheath of portal vein opened and the portal vein 
itself is freed up. Pancreaticoduodenal vein, which is 
seen, will presently be ligated and severed. b, Sheaf of 
lymphatic vessels and nodes in hepaticoduodenal liga- 
ment divided. Suture ligatures control oozing of blood 
and lymph. 


as well as for those with bleeding esophageal 
varices. 


TECHNIQUE 


The technique which we have used is illus- 
trated in Figures 1 to 5. The patient is placed in 
the supine position with the right side of the 
chest and the upper abdomen slightly elevated. 
A long right subcostal incision is ordinarily em- 
ployed, extending well out into the flank. On 
occasion, we have tried a combined thoraco- 
abdominal incision, but believe that it is not as 
a rule necessary, and have been very well satis- 
fied with the abdominal incision which we have 
employed. Indeed, it has been our impression 
that the additional exposure afforded by a com- 
bined incision is not required and that such an 
incision may actually be hazardous since two of 
the body cavities are opened with the attendant 
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risks and since the thoracic and abdominal con- 
tents may prove difficult to protect during op- 
eration. The duodenum is first mobilized by 
Kocher’s maneuver, and it as well as the head 
of the pancreas are drawn downward and to the 
left. The common bile duct is then freed from 
the surrounding structures and retracted forward 
with umbilical tape. At this stage, the gall- 
bladder may be milked empty by the palpating 
hand or may be aspirated, if it cannot be other- 
wise emptied, and retracted out of the way dur- 
ing the procedure. The sheath of the portal vein 
is then entered either from in front or from the 
right side, after the hepatic artery has first been 
identified and protected. The large sheaf of 
lymphatic vessels coursing in the lower free 
border of the hepatoduodenal ligament is cau- 
tiously dissected away from the portal vein, 
ligated, and cut. The portal vein itself is then 
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Fic. 3. 


Fic. 3. Portal vein completely mobilized. Pyloric and 
pancreaticoduodenal veins ligated and cut. Tapes are 
placed around portal vein. A clamp is applied to vena 
cava. 

Fic. 4. Tapes on portal vein are passed behind the 
common duct and hooked around the corner of the vena 
cava clamp so that the two veins can be handled as a 
single structure during anastomosis. 

Fic. 5. a, Both veins are opened. It is not necessary to 
remove a segment of vein wall. Posterior running everting 
suture is placed. b, Posterior suture is pulled up; an- 
terior suture is placed. The ends of anterior and posterior 
sutures are then tied together and the clamp and tapes 
removed as shown in ‘‘c,” completing the anastomosis. 


carefully freed from all surrounding structures 
for its entire length from the upper border of the 
pancreas right to its point of division at the hilum 
of the liver. During this part of the operation, 
it is always necessary to cut and tie the pan- 
creaticoduodenal vein and sometimes necessary 
to sever the small pyloric vein on the medial as- 
pect of the portal vein. The operator’s attention 
next is directed to the inferior vena cava. If de- 
sired, this part of the operation may be done be- 
fore the portal vein is approached when there 
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‘Fic. a 


is less oozing of blood from the portal area. The 
areola tissue and adventitia of the vena cava 
are removed from the level of the under surface 
of the liver well downward beyond the renal 
veins. If there is a considerable distance between 
the portal vein and the vena cava, the entire 
vena cava is freed for its whole circumference, 
care being taken to avoid injury to the lumbar 
veins. Next a clamp (Fig. 6) is applied partially 
to occlude the vena cava at the level of the 
portal vein, and by drawing this clamp forward 
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Fic. 6. The clamp used partially to occlude the vena 
Cava. 


and rotating it to the left it is usually possible 
easily to approximate the vena cava to the 
portal without tension. Loops of umbilical tape 
are passed around the portal vein, and the two 
veins are then approximated and handled as one 
structure during the anastomosis. It is surprising 
how easily the veins can be brought together 
even though there may be a distance of several 
centimeters between them at the start of the 
dissection. The vena cava and then the portal 
vein are opened at corresponding sites and 
flushed with saline, and the anastomosis is per- 
formed with everting sutures of fine silk as shown 
in Figure 5. The size of the anastomotic opening 
is made slightly smaller than the diameter of the 
portal vein. When the anastomosis has been com- 
pleted, the clamp is removed from the vena cava 
and then the ties are removed from the portal 
vein. Free bleeding may occur for a moment or 





two, but usually stops completely spontaneously, 
Occasionally, it may be necessary to place 1 or 
2 additional interrupted sutures over the bleed- 
ing points. Portal pressures are usually lowered 
immediately at the completion of the anastomo- 
sis although we have occasionally been surprised 
to find the pressure not lowered after operation 
but have seen the varices disappear upon re- 
peated x-ray examinations over the course of 
several months. 


CONCLUSION 


It is a curious paradox that many surgeons 
interested in portal venous hypertension seem to 
find splenorenal anastomosis desirable but have 
preferred to use the end-to-side rather than the 
side-to-side portacaval shunt despite the in- 
creased operative risk and the poor late results 
which occur following the complete shunting of 
portal blood away from the liver. This is possibly 
due to the fact that a simple and easy method for 
side-to-side anastomosis has not previously been 
stressed. It has been our experience that the 
operation herein described accomplishes a side- 
to-side shunt with less trauma and with greater 
ease than do either the splenorenal or end-to- 
side portacaval shunts. Thus, the present com- 
munication is presented as a plea to all surgeons 
interested in the treatment of portal hyperten- 
sion; a plea thoughtfully to consider the indica- 
tions for, and the wider application of, the side- 
to-side portacaval venous anastomosis as the 
operation of choice in the elective treatment of 
bleeding esophageal varices and as a possible 
method of management for intractable ascites. 
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REPAIR OF THE INCONTINENT SPHINCTER ANI 
FOLLOWING OPERATIVE INJURY 


IRVING R. BLOCK, M.D., Forest Hills, New York 


Division of the sphincter ani during fistula sur- 
gery is the most common cause of fecal incon- 
tinence. This complication is extremely distress- 
ing to the patient who, as a result, may be con- 
demned to a life of invalidism and misery. 
Though the repair is difficult and the results are 
uncertain, the surgeon is obligated to attempt to 
alleviate this unfortunate condition. The ideal 
repair should re-establish complete control over 
solid stool, liquid stool, and flatus. A surgical 
technique which has given such a result in 7 pa- 
tients is herein described. The aim of this tech- 
nique is to restore the sphincter structures to the 
approximate positions which they occupied be- 
fore division. 

Many techniques for the repair of the trauma- 
tized sphincter ani have been described in the 
past. Buie suggests that simple excision of the 
scar, which is usually caused by excessively tight 
and prolonged packing after fistulectomy, may 
be sufficient to correct the incontinence. In the 
“classical repair,’ the ends of the sphincter 
muscle are dissected out and sutured with gut or 
stainless steel. Since sutures tear through the 
muscle quite easily, mattress stitches and the 
Bunnell type of suture used by Turell and associ- 
ates have been used in an effort to overcome this 
difficulty. Birnbaum uses pull-out sutures, the 
pull of the sutures being tangential to the cir- 
cumference of the sphincter muscle. He believes 
that scar tissue should be left on the ends of the 
sphincter muscle so that the sutures do not tend 
to tear out. Fansler performs an anatomic repair 
for posterior midline defects, the repair consist- 
ing of excision of the scar, extension of the defect 
into the rectum, reconstruction of the anorectal 
angulation by suturing the puborectalis muscle, 
and closure of the structures in layers. 

A varying degree of continence may be ob- 
tained by narrowing the anal canal without the 
use of the sphincter muscle. The Thiersch 
method, revived by Gabriel, consists essentially 


From the Department of Surgery, College of Medicine, State 
University of New York, New York. 
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of a purse-string suture of silver wire around the 
anal canal. In the Wreden-Stone method, fascial 
strips are used to encircle the anal canal and 
are attached to the gluteus muscle on each side. 
Pickrell described a method using the gracilis 
muscle on one side, the distal end being de- 
tached and made to encircle the anal canal. 
Critique of these techniques. The Buie method has 
been used with success in cases in which the 
thick, trough-like scar immobilizes the sphincter 
muscle and allows escape of liquid and gaseous 
rectal contents. When the anorectal ring has 
been completely divided, simple excision of the 
scar is not sufficient to correct incontinence. 
Those methods by which primary suture of the 
divided sphincter ends is attempted are subject 
to the following criticisms: (1) When the sphinc- 
ter ends are dissected free of scar and sutured, 
the sutures have a strong tendency to pull out. 
In reality, there is no objection to the interposi- 
tion of scar tissue between sphincter ends. If ex- 
cess scar tissue has been excised and the sphinc- 
ter ends are not too widely separated when su- 
tured together, the muscle can be fully functional, 
the scar acting as a sort of tendinous intersec- 
tion. Some surgeons, recognizing this fact, 
explicitly advise against removing all scar from 
the divided sphincter ends. (2) Often the pu- 
borectalis portion of the levator ani muscle has 
been divided, and this fact is overlooked in per- 
forming the repair. Fansler points out the im- 
portance of repairing the puborectalis muscle in 
posterior defects in order to reconstruct the 
anorectal angle. If the sphincter ends are ap- 
proximated, but the puborectalis is not, the 
sphincter, lacking the support of the levator, be- 
comes stretched and attenuated and continence 
becomes unsatisfactory. (3) Suturing the sphinc- 
ter ends tends to produce a bar-like structure 
similar to a chord within a circle (Fig. 3). The 
dead space between the chord and the arc which 
it subtends is, in effect, the pathway for another 
fistula. Birnbaum attempts to overcome this 
objection by placing the pull-out sutures in such 
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Fic. 1. Schematic representation of sagittal section 
through anus and lower rectum showing the formation 
of the anorectal ring by the sphincter and puborectalis 
muscles. The attachments of the external sphincter, an- 
teriorly to the perineal body and posteriorly to the 
coccyx, are shown. (Modified from Gorsch, 9.) 


a way as to produce a tangential pull on the 
sphincter ends. The use of muscle-scar-skin 
transpositions, as described by Blaisdell, obliter- 
ates dead space but does not facilitate repair of 
the puborectalis. 

The ideal anatomic repair of the divided 
sphincter is not an easy, or even possible, pro- 
cedure. All the anatomic structures and layers 
are obliterated in a mass of scar tissue. It is not 
practical to dissect away this scar tissue to make 
absolute identification of each anatomic layer. 
If it were possible to isolate each layer, sutures 
could not hold in the isolated muscle layers. 
Also, as anatomic layers are brought together, 
there would be a tendency toward chord forma- 
tion. Another hazard is the mucosal suture line 
which lies over the muscular suture lines. If the 
mucosal suture line breaks down, infection could 
easily penetrate through the muscular layers. 

The Thiersch wire, in effect, produces a 
stenosis of the anal canal. If sphincter muscle 
never existed in functioning form, as in some 
congenital defects, if sphincter muscle has been 
damaged beyond repair, or if a neurologic de- 
fect exists, the Thiersch wire may be invaluable. 
Compared to a functioning sphincter muscle, 
however, it is a poor substitute, and if there is 
any hope of restoring function to the sphincter, 
by all means that should be the first surgical 
choice. The use of fascial strips to encircle the 
anus, as with the Wreden-Stone method, or the 
use of the gracilis muscle, as by the Pickrell 
method, should be considered only if direct repair 
of the sphincter is not possible. 


APPLIED ANATOMY AND PHYSIOLOGY 


While fecal continence depends upon such 
factors as rectal reservoir continence, sphincteric 
continence, and an intact defecatory reflex, as 
described by Gaston, this discussion is concerned 
only with the loss of sphincteric control due to 
division of the sphincter during surgery, espe- 
cially fistula surgery. 

An understanding of the anatomy of the ano- 
rectal ring as described by Milligan and Morgan 
and Gorsch is necessary for preventing, as well 
as correcting, operative injuries to the ring. The 
anorectal ring comprises the external sphinc- 
ter, the puborectalis portion of the levator ani, 
the internal sphincter, and the conjoined lon- 
gitudinal muscle. The external sphincter has a 
roughly trilaminar arrangement consisting of a 
circular subcutaneous portion, an elliptic super- 
ficial portion which attaches anteriorly to the 
perineal body and posteriorly to the coccyx, and 
a deep portion which is circular and blends be- 
low with the superficial portion and above with 
the puborectalis muscle. The puborectalis is that 
portion of the levator ani which, most medially 
located, arises from the pubes and encircles the 
rectum to attach to the opposite pubic bone as 
a U-shaped sling. The puborectalis can be found 
on the lateral and posterior aspects of the sphinc- 
ter but not on the anterior aspect. Thus, the an- 
terior aspect is weaker and more vulnerable to 
injury. The muscle of the puborectalis blends 
so intimately with that of the deep portion of the 
external sphincter that no plane of separation 
can be found. The internal sphincter, the thick- 
ened distal end of the circular muscle of the rec- 
tum, lies inside the puborectalis and external 
sphincter but is separated from them by the 
conjoined longitudinal muscle layer. This layer 
is formed by a fusion of the longitudinal muscle 
layer of the rectum and the levator muscle and 
fascia. It passes between the external sphincter 
and the internal sphincter, sends out many 
fibrous chords through both of these as well as 
into the skin. The penetration of both external 
and internal sphincters by fibrous extensions of 
the longitudinal muscle layer tends to limit the 
retraction of the divided anorectal ring. Retrac- 
tion is also limited by insertions into the perineal 
body and into the anococcygeal ligament. Re- 
traction of the divided puborectalis is limited by 
muscle fibers which intermingle with those of 
the pubococcygeus and of the external sphincter 
and by fibers which fuse with the longitudinal 
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muscle layer. Because retraction is limited, the 
muscular defect in the circumference of the ano- 
rectal ring according to my observations is not 
greater than 120 degrees. 

Loss of continence depends upon the amount 
of muscle of the anorectal ring that is divided. 
The following traditional rules to preserve con- 
tinence are of no importance: that the sphincter 
should be divided only at right angles, that 
the sphincter should be divided at one place 
only, and that the sphincter can be safely divided 
only in the posterior midline. In reality, only 
the amount of muscle divided is important. 
Aronsson estimates that the subcutaneous sphinc- 
ter and one-third of the remainder of the ex- 
ternal sphincter can be divided without endan- 
gering continence. When larger amounts of 
muscle are divided, the sphincter is increasingly 
weakened. With division of the external sphinc- 
ter and puborectalis, continence is completely 
lost. The internal sphincter is not crucial to 
continence—its main function seems to be to 
supplement the resting tone of the external 
sphincter. 


REQUISITES FOR SUCCESSFUL REPAIR OF SPHINCTER 
ANI 


The aim of the surgeon who undertakes the 
repair of a divided sphincter is to restore the 
anatomy which existed just prior to the deadly 
sweep of the scalpel. The fistula usually need 
not be considered in the repair since, in most 
cases, cure has been effected, but at the cost of 
continence. If the fistula still exists, cure must 
be effected before attempting repair. The follow- 
ing points were considered in devising a suitable 
technique for repairing the divided sphincter: 
(1) The bulk of scar tissue between the sphincter 
ends must be excised. (2) Some scar tissue must 
be allowed to remain on the ends of the sphinc- 
ter and puborectalis in order to prevent the tear- 
ing out of the sutures. (3) Some scar should be 
allowed to cover the ischiorectal fat in order to 
hold sutures when dead space is obliterated. (4) 
The divided ends of the puborectalis portion of 
the levator ani must be approximated. (5) The 
divided ends of the sphincter must be approxi- 
mated. (6) Approximation of puborectalis and 
sphincter must be effected in such a way as to 
leave no dead space and to reproduce no fistula. 
Chord formation, as previously described, must 
be avoided. (7) The rectal and anal canal por- 
tion of the wound should be protected so that 
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Fic. 2. Diagram of anatomy of divided anorectal ring. 
A, Rectal lumen; B, ischiorectal fossa; C, internal 
sphincter; D, conjoined longitudinal muscle; £, fibro- 
elastic extensions of the conjoined longitudinal muscle; 
F, levator ani, pubococcygeus portion; G, puborectalis 
portion of levator; H, deep portion of external sphincter; 
I, superficial portion of external sphincter. 


contamination from the fecal stream cannot find 
its way through the sutured structures. The use 
of mobilized proximal rectal mucosa in modified 
Whitehead fashion, as described by Elting, for 
fistulas, to cover the underlying sutures line 
seems to be the most practical method. (8) The 
external portion of the wound should be con- 
structed so as to leave free and open drainage. 


TECHNIQUE OF SPHINCTER REPAIR 


Preoperatively, the bowel should be prepared 
by the use of an intestinal antiseptic. Succinyl- 
sulfathiazole is especially useful since it tends to 
keep the stool soft, a useful quality in the post- 
operative period. The day before the operation 
the bowel is mechanically cleansed by purgation 
and enemas. 

In the operating room, the patient is given 
spinal or caudal anesthesia and placed in the in- 
verted jackknife position. The buttocks are 
drawn apart by adhesive tape strapping. The 
skin incision is made in normal skin just outside 
the scarred area. The scar is dissected up from 
without inward. It is very important to leave a 
moderately narrow strip of scar tissue at the 
deepest portion of the scarred area. This ribbon 
of scar tissue marks roughly the path of the orig- 
inal fistulous tract. To it is later sutured the 
divided puborectalis and sphincter muscles, thus 
preventing the chord formation previously dis- 
cussed and thus obliterating dead space. 
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Fic. 3. Diagram illustrating chord formation caused by suturing the sphincter ends without includ- 
ing the ischiorectal tissues. The arrow indicates dead space which, in effect, forms the pathway for 
another fistula; P indicates the insertion of the external sphincter into the coccyx; A indicates the 
insertion into the perineal body. 

Fic. 4. Diagram illustrating lines of incision used in this technique. 

Fic. 5. Diagram illustrating the excision of scar, scar allowed to remain behind on muscle ends 
and covering the ischiorectal tissues in the depths of the wound and mobilized rectal mucosa. Two 


sutures have been placed. 


Fic. 6. Sutures have been tied, and the suture line has been covered with a flap of rectal mucosa. 


As the dissection of the scar reaches into the 
rectum, the rectal mucosa is mobilized by under- 
mining it proximally and laterally. This mucosa 
is later to be drawn downward to cover the su- 
tured sphincter muscle. For the time being, the 
scar attached to the mobilized mucosa is re- 
tracted by the weight of a clamp which is al- 
lowed to hang over the opposite buttock. 

In order to locate the divided ends of the 


sphincter if the scar is on the lateral aspect of the 
anal circumference, a circumferential incision is 
made at approximately the anal verge from the 
wound of the scar excision anteriorly to the 
midline and posteriorly to the midline. By these 
incisions, about 180 degrees of the anal circum- 
ference is uncovered. The sphincter does not re- 
tract past the perineal body anteriorly because 
of the fusion with the perineal body, nor does 
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the divided sphincter retract past the midline 
posteriorly because of the insertion posteriorly 
into the coccyx. Retraction is further limited by 
interweaving of fibers of the conjoined longitu- 
dinal muscle with those of the sphincters. The 
muscle fibers of the divided sphincter can thus 
be exposed anteriorly and posteriorly, the sep- 
arated ends embedded in fibrous tissue. The 
anteromedial and posteromedial flaps formed by 
the circumferential incision are dissected upward 
into the anal canal and rectum as mucocutaneous 
flaps to obtain better exposure of the divided 
sphincter and divided levator ani muscles. 

For suture material, chromic No. 0 on a 
fairly heavy, round body, half-circle, needle is 
satisfactory. Each suture is passed successively 
through the following structures: (1) a “‘good 
bite” of muscle and scar tissue on one side, (2) 
the strip of scar tissue left behind in the deepest 
part of the wound, and (3) a “good bite” of 
muscle and scar tissue on the other side of the 
wound. The first suture is inserted into the part 
of the wound highest in the rectum, approximat- 
ing the ends of the divided puborectalis portion 
of the levator ani. The location of the pubo- 
rectalis ends, since they are covered by fibrous 
tissue and can not be easily visualized, must be 
estimated. The level of the levator can be judged 
by palpating the levator on the intact side of 
anorectal ring. After each suture is taken, the 
ends are drawn across each other as a test. If no 
chord formation is caused and if the suture helps 
to obliterate dead space, it is allowed to remain 
but is not tied. Tying the suture would make it 
difficult to place successive sutures. Sutures are 
tied only after all have been placed. The place- 
ment of each successive suture proceeds from 
within outward. When the levator and sphincter 
ends are approximated, no attempt is made to 
close the outer portion of the wound. Thus 
drainage is provided away from the suture line. 
If this drainage were not provided, infection 
might break into the rectum and a fistula form. 

The rectal mucosal flap is then pulled down 
and anchored somewhat below the level of the 
dentate line with interrupted chromic No. 00 
sutures, the scar tissue being cut away from the 
mucosa as the sutures are placed. This mucosal 
flap protects the suture line from the fecal stream. 
The edges of the circumferential incision are 
loosely approximated with interrupted sutures to 
their former positions. Redundant skin is excised 
to prevent the formation of skin tags. 











Fic. 7. The main mass of scar has been dissected off in 
continuity with rectal mucosa. Flaps are dissected up- 
ward into the rectum to expose the puborectalis. Note 
the scar left on the sphincter ends and in the depths of the 
wound. The sutures depicted are through the more super- 
ficial portion of the sphincter. Sutures through the 
puborectalis must be placed higher in the operative 
wound. After the anorectal ring is sutured, the scar on 
the central flap is excised and the mobilized rectal mu- 
cosa is anchored over the suture line. 


A defect in the posterior portion of the ano- 
rectal ring is treated in a similar manner. The 
puborectalis must likewise be uncovered and 
sutured, thus restoring the anorectal angle. The 
reconstruction of the anorectal angle per se is 
important, in the author’s opinion, insofar as it 
indicates that the puborectalis has been repaired. 
Unless this repair is accomplished, no repair of 
the sphincter can be effective. After the sphincter 
is sutured, the mucosal flap is brought down to 
cover the anal canal and rectal portion of the 
suture line, as described. 

A defect of the anterior portion of the ano- 
rectal ring with division of the perineal body 
and communication of the rectum and vagina, 
such as encountered in a third degree laceration 








or following the complete opening of a recto- 
vaginal fistula, can be repaired with a modifica- 
tion of this technique. This will be described in a 
later communication. 

At the conclusion of the operation, the ano- 
rectal aperture should fit snugly about the in- 
serted examining finger. If the sphincter is 
patulous, the operation will certainly be a failure, 
and at this point the surgeon should consider 
retracing his steps while the patient is still on 
the operating table. Also, if chord formation is 
felt upon palpating the anal canal at the con- 
clusion of the operation, the surgeon should re- 
move the sutures and resuture. 

In the postoperative period, a low residue diet 
is prescribed, and bowel movements are post- 
poned as long as possible by the use of paregoric. 
Mineral oil, 4 ounce daily, is given to keep the 
stools soft. A saline cathartic may be given on 
the fourth day. Digital examination for breaking 
down intra-anal adhesions should be postponed 
until the fourteenth postoperative day, when 
the sutured tissues have developed sufficient 
tensile strength. Before this time, bridging in the 
anal canal is broken down by the use of well 
lubricated applicator sticks. 

Excellent continence is noted almost immedi- 
ately after operation, the patient realizing control 
of flatus by the first postoperative day. Dis- 
charge from the wound is quite profuse for 2 to 
3 weeks, then gradually diminishes. Healing is 
complete within 6 to 10 weeks. 

This technique was used in 7 cases of incon- 
tinence in which the entire anorectal ring had 
been divided once in the course of fistula surgery. 
Results were excellent in all cases. In an eighth 
case, in which the entire anorectal ring had been 
divided in two places, the result was only fair, as 
the patient was incontinent during diarrhea and 
was incontinent of flatus. The result might have 
been better, in retrospect, if each division of the 
anorectal ring had been repaired at a separate 
stage instead of at the same time. 
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CONCLUSION 


1. A technique is presented for the repair of 
the incontinent sphincter ani resulting from 
division of the anorectal ring, as seen especially 
after fistula surgery. 

2. Essentially, the technique consists of excis- 
ing most of the scar tissue but allowing some scar 
to remain to cover the depths of the ischiorectal 
fossa and the sphincter and puborectalis ends, 
suturing the anorectal ring to the ischiorectal 
fossa, and covering the suture line with rectal 
mucosa flap. 

3. Special attention is paid to the suture of the 
puborectalis and also to the prevention of 
chord formation at the time that the sphincter 
is sutured. 
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THE DEATH OF ENRICO CARUSO 


ROBERT W. PRICHARD, M.D., Winston-Salem, North Carolina 


' AtruouGH Enrico Caruso has been dead almost 


38 years, his personality is still alive in the world 
of music. Even people with little interest in 
opera know the name and hold it representative 
of the finest in tenor voices. Perhaps this unusual 
fame has likewise stimulated the general morbid 
curiosity about Caruso’s final illness and death. 
Since the facts seem different from the popular 
legend, I will set forth those facts which I have 
been able to gather. 

For the past 30 years I have heard from many 
sources, including physicians present at Caruso’s 
last performances, that the great man died from 
a cancer of the respiratory tract. This cancer, 
variously placed in the larynx, tongue, and 
lungs, supposedly first manifested itself by hem- 
orrhage during a performance. This was the 
general theme followed in a motion picture of a 
few years ago, ‘“The Great Caruso.” No doubt 
the dramatic appeal of a spewing-forth of blood 
in public was too strong to be resisted, particu- 
larly when legend has it that such was the case. 
In a previous film of Chopin’s life, hemoptysis 
shown by blood dripping onto the piano keys 
constituted one important scene; musicians and 
blood seem to go together in Hollywood. 

The facts are at once more prosaic, and more 


| interesting to medical men. Caruso was a healthy 
| man,’probably no more addicted to health fads 


than most Italians of his generation. He did 
have a weakness for practitioners whose abilities 


From the Department of Pathology, Bowman Gray School of 
Medicine and the Laboratories of the North Carolina Baptist 
Hospital, Winston-Salem. 


were strongly suspected by his American wife, 
the late Mrs. Dorothy Benjamin Caruso. In the 
fall of 1920, Caruso approached the opera season 
with considerable weariness. He had been on a 
tiring tour, had a persistent “cold,” and com- 
plained of severe headaches. The practitioner he 
was seeing laid Caruso on a metal table, put zinc 
plates on his abdomen, sandbags on the zinc 
plates, and then passed an electric current 
through the singer’s body. This was followed by 
a period in a heat cabinet. Mrs. Caruso states 
that the headaches did not respond to this treat- 
ment. In early December 1920, Caruso had a 
chill while out driving. He was treated for this in 
the same way as he was for the headaches. On 
the same evening he complained of a pain in the 
left side, and developed a cough. One week later, 
while singing in Pagliacci, his voice broke during 
“Vesti la giubba,” and the performance was 
interrupted. The singer had severe chest pain 
and felt faint. The practitioner already men- 
tioned was called, diagnosed intercostal neural- 
gia, strapped Caruso’s chest with adhesive tape, 
and the tenor returned to finish the performance. 

Three days later on December 11, 1920, Ca- 
ruso had an episode of hemoptysis while on 
stage, which is probably the source of the legend 
concerning his final illness, although its connec- 
tion with that illness is not clear. He was appear- 
ing as Nemorino, in L’elisir d’amore at the Brook- 
lyn Academy of Music. Before the performance 
his wife noted that the water he used to wash his 
mouth was pink and later red. During his first 
aria bright red blood began to appear on his 








shirt front, but he completed the aria none the 
less, using several towels passed from the wings 
to wipe away the blood. The performance was 
abandoned. His medical attendant said that “‘a 
little vein at the base of the tongue had burst.” 
He seemed in his usual condition after leaving 
the theater. There was no further episode of 
hemoptysis. 

On December 13 and 16, still encased in adhe- 
sive tape, he gave his usual performances. On 
December 21 he was to sing in Elisir again, but 
awoke in great pain that morning. His attendant 
changed the adhesive tape. The performance 
was cancelled. 

On December 24, 1920, Caruso appeared in 
La Juive, and, as it turned out, this was the last 
performance of his long career. He had had a 
dull ache in his left side all day, but he com- 
pleted the performance with moderate discom- 
fort. On Christmas morning, while bathing, he 
developed pain so great that he was irrational 
and had to be carried to bed. Caruso’s hotel 
physician was called, and administered a nar- 
cotic. Since the practitioner to whom Mrs. Ca- 
ruso objected was not to be found, the dis- 
tinguished New York internist, Dr. Evan Evans, 
was Called. Dr. Evans’ diagnosis was pleurisy 
and probably pneumonia. A consultation with 3 
additional physicians on the next day produced 
agreement with Dr. Evans’ original impression. 
During this period, a pneumococcus was cul- 
tured from the tenor’s sputum in the laboratory 
of Dr. Hans Zinsser at Columbia University Col- 
lege of Physicians and Surgeons (5). 

Three days following the events just outlined, 
Caruso became acutely dyspneic and cyanotic. 
One of his physicians, Dr. Antonio Stella, 
chanced to enter the room just as the episode 
began. He relieved the distress by an immediate 
thoracentesis, obtaining fluid of an unstated 
amount and character. It was decided that an 
operation was needed, and the late John F. Erd- 
mann, a professor of surgery at Columbia, was 
called in. The operation was performed in Ca- 
ruso’s hotel suite at the Vanderbilt, where an 
operating room was set up. A large amount of 
fluid was removed, squirting from the intercostal 
incision with great force. A drain was inserted. 
Two days later Caruso’s temperature was nor- 
mal and he was free from pain. Mrs. Caruso says 
that the tenor was disturbed by the sound of his 
breath whistling through the tube. I have no 
light to shed on the significance of that remark. 
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After some weeks of improving health and 
rising spirits, fever returned, and another oper- 
ation was considered necessary. On February 
12, 1921, Doctor Erdmann removed 4 inches of 
rib. Of this operation Erdmann said “‘. . . when 
his chest was opened, out poured the foulest pus 
I think I have ever seen and smelled.” For 10 
days thereafter Caruso’s condition was poor, but 
he eventually improved sufficiently to have 
roentgenograms made of his chest. ‘They showed 
“that his left lung had contracted’’; I have not 
found further information about these studies. 

During this postoperative period he com- 
plained of paresthesia in the right hand, and 
visible atrophy of the hand muscles followed the 
appearance of this sensation. His thumb and 
index finger were weak, making writing difficult. 
No data on a neurologic examination have been 
found. It would seem likely that his right bra- 
chial plexus was injured in some fashion, per- 
haps while under anesthesia. 

On March 1, 1921, Erdmann incised and 
drained an abscess in the left “flank,” the ap- 
pearance of which was heralded by a recurrence 
of fever. In succeeding weeks, 5 abscesses in the 
same general area were drained. After the fifth 
abscess was treated it was decided that Caruso 
needed a blood transfusion; he had 2 eventually. 
Dr. Lester J. Unger, New York hematologist, 
was in charge of giving the transfusions, and one 
donor was Mr. Everett Wilkinson of Meriden, 
Connecticut. Although Caruso seemed better after 
the transfusion, he was greatly concerned about 
some other possible effects of the transfusion. 
Mrs. Caruso quotes him on the subject: “‘I have 
no more my pure Italian blood—what now am 
7 

The posttransfusion improvement was main- 
tained, and in May 1921 the family sailed for 
Italy, where a prolonged period of recuperation 
was planned. The day before they sailed, Caruso 
was out for a drive, planning to stop and pay one 
last bill—for his x-ray studies. Someone at the 
radiologist’s office bid Caruso goodbye with the 
observation that his resected rib had already 
regenerated half an inch. He followed this by 
showing the singer the roentgenogram illustrat- 
ing the 4 inch rib defect; Caruso was horrified. 
The prevailing opinion was that to remove a 
piece of rib was to remove the voice. Caruso 
abandoned his plans for a drive and returned to 
his apartment, deeply depressed. He told his 
accompanist who was packing their music not to 
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bother; he did not plan to sing. Such was his 
somewhat sad farewell to the United States. 

The Carusos engaged a suite at the Hotel Vit- 
toria in Sorrento, where they rested and swam, 
and the singer was given physiotherapy for his 
right hand. This physiotherapy consisted of im- 
mersing the arm in a tub of hot mud which came 
each morning on the boat from Agnano. The 
tenor gained weight, felt generally better, and 
finally sang, somewhat inadvertently, in the 
course of an informal audition he granted to a 
young boy. At the end of July, Mrs. Caruso says 
that she returned from an hour on the beach to 
find an old man probing a small unhealed area 
in Caruso’s last incisional scar. The old man was 
the doctor who had attended Caruso’s mother in 
her last illness. On the following morning, he 
had a temperature of 101 degrees. 

On the following day, the famous Bastianelli 
brothers arrived from Rome for consultation. 
Raffaele Bastianelli is a surgeon and Giuseppe 
an internist. Both were highly trained teachers 
in the school of medicine in Rome and were 
married to Americans. Mrs. Caruso was relieved 
at the opportunity to tell them the history in 
English. The Bastianelli brothers do not agree 
with the account Mrs. Caruso gave of their part 
in Caruso’s last illness, and have resolved to say 
nothing about the case, hence what follows is 
from Mrs. Caruso’s account and the newspapers 
of the time (6). The Drs. Bastianelli believed 
that Sefior Caruso had a subrenal abscess, prob- 
ably involving the left kidney, which would re- 
quire surgery. He was to come to Rome the fol- 
lowing week for nephrectomy. 

Preparations were made for the trip to Naples 
by ship, then by train to Rome. On July 31, 
1921, Caruso reached his native city again, 
never to leave it. His general condition had con- 
tinued fair, but on the morning of August 1, a 
Neapolitan holiday, excruciating pain devel- 
oped and Caruso became critically ill. It was 
difficult to locate a doctor and only after some 
hours did one arrive at his hotel, the Vesuvio, to 
administer narcotics and other attention. The 
various doctors consulted and concluded that 
Caruso had a subphrenic abscess complicated by 
peritonitis. They did not believe that operation 
was indicated; at least, no operation was per- 
formed. Early on the morning of August 2, 1921 
he died. 

I do not know whether an autopsy was done. 
Contemporary accounts and the other sources I 
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Fic. 1. Caruso in a caricature drawn by himself in 1906. 
(Courtesy of Mrs. George V. Strong of Washington, 
D. C., for whom Caruso drew it.) 


have consulted are not clear on the point. Cer- 
tainly, there is no doubt about the cause of death 
when one talks to people in Naples. Apparently, 
the firmly held opinion of the average Neapoli- 
tan is that Caruso had an abscessed kidney 
which ruptured and produced peritonitis. Put- 
ting it all together, it seems likely that he had 
pneumonia, empyema, satellite abscesses in the 
fascia and muscles of the left side of the chest, a 
subphrenic abscess, possibly a perirenal abscess, 
and, terminally, general peritonitis. Seen from 
the vantage point of 38 years, this degree of com- 
plication of pneumonia seems unusual, but with 
the Staphylococcus asserting itself it is possible 
that Caruso’s course will be repeated more fre- 
quently, although one hopes that this will not be 
the case. 

In accounts of the illnesses of celebrities one is 
struck by the ease with which they get poor 
treatment. Often it seems quite difficult for a 
famous person to get adequate care because of a 
tendency to engage fashionable doctors and not 
necessarily medically talented ones. Caruso, for 
the most part, seems to have been spared this. I 
can find no gross breaches in his care, despite the 
excursions with the electrical therapist. He seems 
primarily to have had a resistant infection, one 
which involved an area in which adequate 
drainage was difficult to establish. This, with 
whatever the intangibles we call resistance are, 
conspired to plague Caruso and finally to kill 
him. 











It is also interesting to speculate on why the 
general American opinion holds that Caruso 
died of hemorrhage from a respiratory tumor. 
Perhaps we are nationally obsessed with blood 
and tumors. However, I imagine that the asso- 
ciation of singing and respiratory difficulties, 
taken with the episode of hemoptysis during 
Elisir, was too hard to resist. To replace such a 
romantic flourish with a protracted and complex 
infection would seem to be too much to ask of 
the public. 
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Reviews of New Books 


THE MATERIAL presented in the 293 page paper-bound 
textbook entitled Urology in General Practice! is designed 
for the undergraduate student, the graduate trainee, 
and the members of the medical profession whose 
primary interests are not in the field of urology. The 
anatomic divisions of the genitourinary tract are used 
as a framework for the systematic discussion of the 
disease processes affecting the suprarenal glands, kid- 
neys, ureter, bladder, prostate, and external genitalia. 
Emphasis is placed on an understanding of the causes 
and results of these disease processes as well as the 
symptoms, physical findings, and diagnostic tests lead- 
ing to their recognition by the clinician. In most in- 
stances, principles of treatment are discussed. How- 
ever, sufficient detail to allow an understanding of 
surgical procedures commonly employed is included. 

In general, the text is written in an easily readable 
style. The subject matter is presented clearly and 
concisely. The illustrations, although not of uniformly 
good technical quality, are a distinct aid in under- 
standing the material presented. This book is well 
designed to serve its purpose; it should provide the 
student or graduate trainee with sufficient under- 
standing of the diseases of the genitourinary tract to 
insure his recognition of and rational approach to 


them. — John T. Grayhack. 


THE RECENTLY PUBLISHED BOOK Obstetric and Gyneco- 
logic Milestones* will be a delightful interlude for all 
who discover it. Though we are well aware that the 
vocabulary of the arts and sciences is liberally sprin- 
kled with proper names, we too often miss the romance 
of tne story behind the name. 

The author has selected many of the best known 
eponymic terms from the colorful history of obstetrics 
and gynecology and has told a fascinating tale of each. 
From Falloppio, de Graaf, Smellie, Stroganov, Wer- 
theim, and countless others to Holmes, Hillis, De Lee, 
Meigs, Stein-Levanthal, and Papanicolaou, the book 
gives the living record of the development of the 
specialty. Included are many of the classic contribu- 
tions to medical literature. 

Each essay is complete in itself and contains a brief 
biographic sketch, liberal excerpts from original 
sources, portraits, and original illustrations. There is, 
however, a skillful thread of continuity from the back- 
ground of the fifteenth century to the clinical prac- 
tices of the present time. 

This is an attractive, highly readable book written 
primarily for the practicing obstetrician-gynecologist, 
but of interest to all physicians, scientists, teachers, and 
students. It will be a welcome addition to any library. 

— Augusta Webster. 


‘Uro.ocy 1n GENERAL Practice. By Frank Coleman Hamm, 
M.D., M.S., F.A.C.S., and Sidney R. Weinberg, M.D., F.A.C.S. 
Illustrated by Elizabeth Cuzzort. 293 pages, 259 illustrations. 
$6.00. Philadelphia and Montreal: J. B. Lippincott Co., 1958. 

*Essays In EponyMy. OssTeTRIC AND GYNECOLOGIC MILE- 


stones. By Harold Speert, M.D. 700 pages, illustrated. $15.00. 
New York: The Macmillan Co., 1958. 


121 





THE FOURTH EDITION of the textbook Surface and Radio- 
logical Anatomy’ is the result of the combined effort of 
an anatomist and a radiologist and offers a dynamic 
approach to the problem of correlating topographic 
and radiologic anatomy. It was written for students 
and general practitioners, and as the publisher states, 
‘Many sections could be studied with profit by stu- 
dents of physiotherapy, radiotherapy and physical 
education.” There are 217 radiographic reproductions, 
67 photographs, 38 with line drawings superimposed, 
and 61 diagrams, 42 in color. 

The authors’ intent, as stated in the first edition, is 
to correlate normal radiographic anatomy, as it ap- 
pears on standard views in living subjects, with “ those 
features which can be determined by examination and 
with those details which can be determined only by 
dissection.” The authors have stated that “while the 
study of the cadaver must still remain the foundation 
of our knowledge of human anatomy, the information 
so obtained requires amplification by comparison with 
the living subject.” This has been accomplished by a 
series of “‘parallel’’ illustrations, the one depicting the 
surface contours and the other demonstrating under- 
lying structures which account for them. Upon this 
the authors have superimposed the nerves, vessels, and 
tendons. When useful, a comparable radiographic re- 
production is included. 

Compared to the previous editions, the most striking 
difference is the improved quality of the photographs 
and illustrations. Very little has been deleted. Artefacts 
and reference errors are held to a minimum. Additions 
include photographs of the hip in lateral projections, a 
splenoportogram, a lumbar aortogram, and a cerebral 
angiogram, including arterial and venous phases in 
anteroposterior as well as lateral projection. The listing 
of iodized compounds used as contrast media for radio- 
graphic examinations has been brought up to date. 
The section on bronchography has been expanded and 
current terminology used. The index has been ex- 
panded. Many drawings have been enlarged, and 
others consolidated, but always with improvement of 
detail so the student can better focus on the points of 
interest. The placing of the technical section on x-ray 
in the introduction serves a like purpose. 

The book is organized on a regional basis with 
separate chapters on general anatomy and methods, 
upper limb, chest and back, abdomen, head and neck, 
vertebral column, and lower limb. These are discussed 
with regard to surface contours and landmarks, super- 
ficial muscles, vessels and nerves, movements, means 
of physical examination and direct visualization, and 
radiology. Variations in different individuals, as well 
as variations in the same individuals under different 
circumstances, are described. 

— William E. Bundesen. 
3SuRFACE AND RADIOLOGICAL ANATOMY; FOR STUDENTS AND 
GENERAL Practitioners. By A. B. Appleton, W. J. Hamilton, 
and Ivan C. C. Tchaperoff. 4th ed. by W. J. Hamilton, M.D., 
D.Sc., F.R.S.E., and G. Simon, M.D., B.Ch., D.M.R.E 


(Cantab.), F.F.R. 355 pages, 416 illustrations. $9.50. Baltimore: 
The Williams & Wilkins Co., 1958. 





THE FIRST PART of the book Surgery in World War II* 
deals with the administration and organization of 
neurosurgical care in the Interior, the Mediterranean, 
and European Theaters of World War II. It is either 
written by, or quotes, the men who were responsible 
for this facet of the care. There are valid criticisms of 
such items as the equipment which was made availa- 
ble. Those who are wont to excuse inadequate prepara- 
tion and care by stating there is more than one way of 
doing neurosurgery will not be encouraged by this 
book. 

The second and larger part of this book is on the 
management of craniocerebral injuries. Infections, 
cerebrospinal fluid fistulas, and foreign bodies are 
briefly discussed. There are excellent drawings which 
depict the techniques of repairing dural, skull, and 
scalp defects. The principles of good surgery are 
stressed. A tight two-layer closure of the scalp without 
tension is advocated. Strong arguments are made for 
complete debridement. Chemotherapy and antibiotic 
therapy are mentioned frequently but none of the au- 
thors made undue claims for these agents. 

There is a rather extensive chapter on blast concus- 
sion which is quite technical and defines this entity 
more completely than any textbook the reviewer has 
read. The chapters on posttraumatic epilepsy and 
speech disorders are likewise very complete. 

This is the first of two volumes to be published on 
neurosurgery of World War II. The second volume will 
cover spinal cord and peripheral nerve injuries. On 
the basis of this first volume, I believe we will have a 
significant contribution to military neurologic surgery. 
It is obvious that neurologic surgery came a long way 
between World War I and World War II. During the 
late phases of World War I, the influence of Harvey 
Cushing became apparent. The Americans were un- 
prepared in all respects at the time of our entrance into 
World War II. How these obstacles were overcome in 
neurologic surgery, with great difficulty, is described 
in this book. The lessons learned have application in 
the care of civilian injuries, and this book will be found 
useful in this respect. The very fact that its publication 
was undertaken by the Office of the Surgeon General 
would indicate that the Army is anxious to profit by 
the lessons of World War II in the event of future mass 
casualties. — Daniel Ruge. 


EvANs AND GRAY are among the senior members of 
their specialty, well known and highly regarded on 
both sides of the Atlantic. Their book, Modern Trends 
in Anesthesia,’ is a compilation of 22 essays on topics 
within the field of anesthesiology. Each essay has been 
prepared by a different author, usually an acknowl- 
edged authority on the subject. Most of the contribu- 
tors are British, but Canada and the United States 
are also represented. 


4MepiIcaAL DEPARTMENT, Unitep States ARMY. SURGERY IN 
Worwp War II, Neurosurgery, Vol. I. Prepared and published 
under the direction of Major General S. B. Hays. Edited by 
Col. John Boyd Coates, Jr.. M.C., R. Glen Spurling, M.D., 
Barnes Woodhall, M.D., and Elizabeth M. McFetridge, M.A. 
466 pages, illustrated. $5.00. Washington, D. C.: Office of the 
Surgeon General, Department of the Army, 1958. 

5MoDERN TRENDS IN ANESTHESIA. Edited by Frankis T. Evans, 
M.B., B.S., F.F.A.R.C.S., D.A., and T. Cecil Gray, M.D., 
F.F.A.R.C.S. 331 pages, 30 illustrations. New York: Paul B. 
Hoeber, Inc., 1958. 





122 Surgery, Gynecology ¢ Obstetrics - July 1959 


The book is pleasantly inhomogeneous in that 
there appears no firm relationship in either the order 
or the nature of the topics included. Furthermore, 
the presentation of material is made in many different 
ways. Most, but not all, of the chapters are in the 
nature of review articles based upon more or less 
extensive bibliographies, and they emphasize recent 
work. The assumption is usually implied that the 
reader already has some familiarity with the field. 
Fortunately, the authors generally have not been 
reticent about expressing their own views. 

Because no effort has been made to cover the field 
of anesthesiology systematically, the book cannot be 
used as a teacher’s guide. For the same reason, its 
usefulness as a reference book is limited to the fields 
of the specific subjects dealt with. The volume will 
be most gratefully received by the advanced student 
and the thoughtful practitioner of anesthesiology. 
Certain of the subjects are covered as succinctly and 
as expertly as they are any place; examples are 
Paton’s chapter on “The Relaxant Drugs,” and 
Lucas’ chapter on “‘ Anoxic States and Their Treat- 
ment.” These and other chapters were found to be 
informative, stimulating, and generally well worth 
the pleasant time spent with them. 

— Albert Faulconer, Fr. 


THE NEW BOOK, Pathophysiology in Surgery,® is authored 
by James D. Hardy of the University of Mississippi. 
The writing of the volume was undertaken because, 
in the author’s opinion, existing works on surgical 
physiology did not present available material effec- 
tively. The guiding philosophy in assembling this 
volume was based on three predominant objectives. 
One major aim was to compile a volume which would 
integrate both medical and surgical principles with 
respect to the physiology of the major body systems. 
The second goal was to emphasize the fundamental 
unity of the body as this is achieved through three 
major co-ordinators, namely, the nervous, the circu- 
latory, and the endocrine systems. Thirdly, the intent 
was to offer material in such a fashion that basic 
physiologic principles could be applied to the patient- 
care level. As a consequence of the latter aim, the 
author has used illustrative case histories throughout 
the volume to emphasize the strong relationship 
between physiology and daily surgical practice. 

The format consists of the liberal use of figures and 
diagrams along with patient case studies. In this 
manner, the underlying physiologic principles are 
neatly dovetailed into the predominant surgical prob- 
lems presented by the patient’s case history. The 
liberal use of figures and diagrams is to be com- 
mended. In more than a few instances, however, 
probably to conserve space, the figures are of small 
dimensions, frequently made so by lengthy captions 
which would have been more effective if included in 
the text, except for brief descriptive comments. 

A feature of merit has been the ability of one author 
to compose an extensive, authoritative work on sur- 
gical physiology which emphasizes the fundamental 
principles at the justifiable expense of detail. In this 

SPATHOPHYSIOLOGY IN SuRGERY. By James D. Hardy, M.S. 


(Chem.), M.D., F.A.C.S. 704 pages, 278 illustrations. $19.00. 
Baltimore: Williams & Wilkins Co., 1958. 
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regard, the volume is found to be in most instances 
both precise, as well as concise, in the summary of 
essentials in all the fields of surgical physiology dis- 
cussed in the text. No one will question the value of 
the general surgeon writing for general surgeons, 
since he must analyze the physiology related to sur- 
gical problems within the perspective and scope of 
the general surgeon. By adhering to this method of 
presentation the inclusion of much detailed and 
extraneous material is avoided. 

Some of the material originally included in the 
earlier chapters of the volume was extensively re- 
written, edited, and redrafted. This resulted from 
Hardy’s responsibility as the sole author. By constant 
thought of his book in preparation, each daily sur- 
gical problem resulted in an increasing depth of 
experience in the entire field covered in the volume 
and necessitated rewriting material commensurate 
with his advanced experience. This necessary effort 
occurred even at the expense of valuable time and, 
most certainly, of precious energy. 

The first 10 chapters include the physiology of 
injury, body fluid physiology, surgical nutrition, con- 
nective tissue, wound healing and homotransplanta- 
tion, thermal burns, etiology, spread and control of 
cancer, radiation and radioactive isotopes, surgical 
enzymology, and the biology of aging. These chapters 
are filled with important, fundamental physiologic 
principles and serve admirably as an introduction to 
the consideration of diseases of the various organ 
systems which follows in the remaining 11 chapters. 

In the chapter on the physiology of injury, the 
systemic and metabolic responses to trauma are 
extensively discussed. This material is presented in 
considerable detail, which is necessary. In this area, 
however, as well as in other segments of the volume, 
the impact of figures and diagrams is lessened some- 
what by their small size and their rather extensive 
captions. The entire text in this chapter is filled with 
important and basic physiologic data. A valuable 
principle appears in almost every sentence. 

The chapter on body constituents is by necessity 
and probably by choice a long one. This section 
covers 54 pages and presents the entire subject in an 
exhaustive manner without excessive wordage or 
belaboring either of evidence or controversial aspects. 
Here again, the author has adhered to basic principles 
and has made extensive use of examples to illustrate 
the material. 

The chapter on the circulatory system in that por- 
tion of the volume devoted to the surgical pathology 
of the organ systems is the longest chapter of the book 
and covers 110 pages. The length of the chapter is 
due to the necessity of including a great deal of mate- 
rial in this rapidly expanding field of surgical experi- 
ence. In spite of the length of this section, the author 
has again insisted on emphasizing principles and re- 
lates symptoms and signs to physiologic measurements 
and observations. 

Throughout the last 11 chapters of the volume, the 
figures and diagrams are of adequate size, for the 
most part, and are, therefore, more easily understood. 
In the chapter on circulation as well as in the chapter 
on the liver, biliary tract, and pancreas, excellent 
descriptive diagrams are inserted in the text at ap- 
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propriate places and serve to emphasize the discussion 
in the text. 

An excellent section is devoted to the physiology of 
the lung and its relationship to various surgical pro- 
cedures performed in thoracic surgical practice. Here 
again, the insistence on preserving brevity while 
emphasizing principles serves admirably to present 
an easily readable and informative chapter. Much 
can be said for the remaining chapters which cover 
the endocrine system at considerable length and in 
some detail. In an excellent chapter on the nervous 
system, the author has chosen expertly the subjects 
which are of practical value to general surgeons as 
well as to neurosurgeons. A stimulating but short 
chapter on the special problems of surgery in infancy 
is likewise well conceived and serves to stimulate one 
to further detailed reading. The author in no way 
meant this to be a chapter which claimed to discuss 
completely the manifold problems of the surgery of 
infancy. 

This book is undoubtedly a valuable addition to 
the surgeon’s library. It, also, should be valuable as 
a reference work for students in the clinical years of 
medical school. For teachers who are interested in 
emphasizing surgical principles and who insist upon 
students and residents having rational reasons for 
their thoughts and procedures, this volume fits per- 
fectly into its niche in surgical practice and as well as 
teaching. 

The criticism regarding the very small size of some 
of the illustrations and diagrams is valid. This criti- 
cism is of minor import, however, and should be 
considered as a suggestion for improvement. One can 
only share with the author his obvious satisfaction in 
providing a readable, comprehensive, well written 
volume which is timely in every respect in view of 
the present day emphasis upon a more complete 
understanding of the physiologic aspects of surgery. 

— Orville F. Grimes. 


AN INTERESTING LITTLE BOOK, Injuries and Surgical 
Diseases of the Ischium,’ has been written by Henry 
Milch. This book of 163 pages brings together the 
various surgical conditions peculiar to the ischium. 

The anatomy and physical and roentgen examina- 
tions of the region are discussed in the first two chap- 
ters. Growth disturbances of the ischium are detailed 
in Chapters 3, 4, and 5; these include the following: 
ischium varum, Otto’s’ pelvis, and _ ischiopubic 
osteochondritis. 

Considerable detail is given to the discussion of 
fractures about the ischium, including the acetabulum. 
Apophysiolysis and periostitis, osteomyelitis and 
tuberculosis of the ischium, soft tissue injuries, and 
decubitus ulcers and tumors about the region make 
up the remaining contents of the book along with a 
rather sketchy chapter on the surgery of the ischium. 

The book, because of the highly specialized nature 
of the subject, will have limited use. It will appeal 
primarily to the orthopedic surgeon. 

— William A. Larmon. 


TINJURIES AND SuRGICAL Diseases OF THE Iscutum. By Henry 
Milch, M.D. 163 pages, 106 illustrations. $10.50. New York: 
Paul B. Hoeber, Inc., Medical Book Dept. of Harper & Bros., 
1958. 








THE COMPACT HANDBOOK Emergency War Surgery® is a 
surgical textbook which every physician should have 
and should read. Although it is intended primarily as 
a guide to the medical services of the armed forces of 
the NATO nations, its simple, straightforward, concise 
handling of the whole field of trauma makes it 
equally worthwhile for all physicians who treat acci- 
dent victims, whatever the nature of their injuries. It 
should prove extremely valuable to the resident 
training in general surgery, orthopedic surgery, or 
any of the surgical specialties. 

The book has four main sections: one on Types of 
Wounds and Injuries; a second on Response of the 
Body to Wounding; the third on General Considera- 
tions of Wound Management; and the last on Re- 
gional Wounds and Injuries. Within each section the 
major topics are dealt with logically and simply, 1 
chapter to each topic. A notable feature of the volume 
is the fact that each chapter concludes with a para- 
graph or 2 on the treatment of mass casualties insofar 
as it relates to the subject of the chapter. For example, 
the horrendous implications of thermonuclear war- 
fare are concisely contained in this statement from 
the chapter on abdominal wounds: “.... it must be 
concluded, after sober reflection, that casualties with 
abdominal injuries should be given a comparatively 
low priority for surgery during the critical hours after 
a thermonuclear attack.” 

Throughout the book, illustrations are simple but 
adequate. In a helpful prefatory way the first chapter 
deals with the handling of surgery in a forward area 
of conventional warfare, with 2 pages of figures de- 
picting the echelons of medical care. There is a short, 
general statement on the compromises one would be 
forced to make in treating casualties if the enemy 
were to use thermonuclear devices. Appended to the 
didactic material is a glossary of drugs with their na- 
tional nomenclatures and tables of equivalent weights 
and normal values of various blood constituents. 

Of necessity there is no bibliography. The index is 
quite comprehensive and accurate. All in all, the 
book is very well written, nicely assembled, and 
important reading. —Franklin Lounsbury. 


THE FIFTH VOLUME of Clinical Neurosurgery® contains 
the edited proceedings of the seventh annual meeting 
of the Congress of Neurological Surgeons held in 
Washington, D. C., November 7 to 9, 1957. It is 
dedicated to Francis C. Grant, Professor of Neuro- 
surgery at the University of Pennsylvania, Philadel- 
phia, the 1957 honored guest and speaker, and 
contains a brief biographic sketch and his bibliogra- 
phy of over 200 articles. 

The papers of this meeting, with two exceptions, 
are devoted to the problems of neurologic surgery 
in childhood. They should have a direct appeal not 
only to neurosurgeons, neurologists, and those en- 
gaged in neurologic research but also to the pediatri- 
cian and general practitioner as well. 


SEMERGENCY War Surcery. U. S. Armed Forces Issue of 
NATO Handbook prepared for use by the Medical Services of 
NATO Nations. 411 pages, 18 illustrations. $2.25. Washington, 
D. C.: U. S. Department of Defense, 1958. 

8CLinIcAL NEuROSURGERY. Proceedings of the Congress of 
Neurological Surgeons, Washington, D. C., 1957. 206 pages, 
illustrated. $8.00. Baltimore: The Williams & Wilkins Co., 1958. 
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Edgar A. Bering, Jr. discusses the problems of the 
dynamics of the cerebrospinal fluid with particular 
reference to the formation of the cerebrospinal fluid 
in its relationship to cerebral metabolism. Douglas 
Buchanan reports upon spinal nuclear amyotrophia 
and other causes of flaccidity in infancy. Irving §, 
Cooper takes up the alleviation of dystonia muscu- 
lorum deformans and other involuntary movement 
disorders of childhood by chemopallidectomy and 
chemopallidothalamectomy. R. M. N. Crosby’s re- 
port covers subdural collections of fluid in infants 
and children. Francis C. Grant presents three very 
informative papers: the first dealing with a clinical 
study of 200 posterior fossa gliomas in children; the 
second, the surgery of meningiomas at the base of 
the brain; and the third, experiences with cordotomy. 
Donald A. Matson discusses unilateral exophthalmus 
in childhood. Robert H. Pudenz’ paper is about 
experimental and clinical observations on the shunt- 
ing of cerebrospinal fluid into the circulatory system. 
Col. Harvey C. Slocum discusses anesthesia for neuro- 
logic procedures in infants and children. Frank B. 
Walsh reports upon some ocular signs of cerebral 
tumors in children. 

The first 3 chapters are devoted to the papers given 
by Grant. In his paper on posterior fossa gliomas in 
children he stresses the importance of Macewen’s 
sign or the crackpot sound on percussing the cranium. 
Especially in younger children when the sutures are 
not strongly cemented together, the increased intra- 
cranial pressure caused by a posterior fossa lesion may 
not cause choking of the disc because the head ex- 
pands to keep the pressure normal. Percussion of the 
cranium to note the presence or absence of a crackpot 
phenomenon is generally overlooked by general prac- 
titioners and some pediatricians. If a crackpot sound 
can be elicited, roentgenograms of the skull will con- 
firm the presence of increased intracranial pressure 
as manifested by separation of the suture lines. 

In this clinical study of posterior fossa gliomas in 
children, Grant gives his experience with 200 con- 
secutive, histologically verified gliomas occurring in 
the posterior fossa of children 15 years or under who 
were operated upon in the 25 year period between 
1926 and 1951. These 200 cases include 92 astrocyto- 
mas, 77 medulloblastomas, 14 ependymomas, 12 
spongioblastomas, 3 neuroblastomas, and 2 papillo- 
mas. For each of the various tumor types there are 
tables giving the symptoms, the neurologic findings, 
the diagnostic procedures, and the operative results. 

Approximately 85 per cent of the 200 cases were 
made up of astrocytomas and medulloblastomas. In 
the group of astrocytomas, the average age of the 
patient was 9 years, and there was approximately 
equal sex distribution. In the medulloblastomas, the 
average age was 8 years. There was a marked pre- 
dominance of male patients with a ratio of almost 2 
to 1. The symptoms in the two groups were very 
similar and consisted of vomiting, frontal headaches, 
unsteadiness or ataxia, and nystagmus. Lateralizing 
signs of cerebellar dysfunction usually correctly indi- 
cated the side of disease though bilateral signs did 
not always indicate a midline lesion. Preliminary 
roentgenograms usually showed the skull to be ab- 
normal and revealed signs of increased intracranial 
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pressure. In doubtful cases, ventriculography seemed 
to be the best single diagnostic procedure to aid in 
localizing the lesion. Bilateral cerebellar craniectomy, 
even when unilateral lesions were expected, was the 
operation of choice. Grant points out that in the 
medulloblastoma group gross removal of these tumors 
was attempted in 14 per cent of the patients, but 
autopsy material and the course of the remaining 
patients of this group revealed that residual tumor was 
invariably present, and postoperative survival of the 
patients in this group was no higher than for those 
patients having a partial removal. His high mortality 
rate of 50 per cent associated with the primary de- 
finitive operations in the medulloblastoma group 
would suggest that the simplest, least taxing operation 
that would make possible a diagnosis would be the 
procedure of choice. Statistically, postoperative x-ray 
therapy lengthened the survival period in the medul- 
loblastoma group. He concludes that the type of 
surgical therapy should be individualized in accord- 
ance with the pathologic findings. Contrary to the 
philosophy of cancer surgery in other areas of the 
body, attempting complete removal of the tumor in 
posterior fossa gliomas is not always the most 
desirable form of treatment. 

Grant’s second paper deals with meningiomas at 
the base of the brain. In a series of 407 meningiomas, 
110 were situated at the base of the brain in the 
anterior fossa, 11 in the middle fossa, and 41 in the 
posterior fossa; in all 162, roughly 40 per cent, were 
located in dangerous territory. That over half of 
these subfrontal meningiomas cannot be safely re- 
moved must be admitted. In Grant’s series of 110 
subfrontal meningiomas, 44 were removed completely 
with 12 operative and 4 nonoperative fatalities; there 
were 62 partial removals with 21 fatalities. He points 
out that the experienced surgeon will remember 
these facts and will try to avoid becoming involved 
with the carotids and hypothalmus even at some cost 
to his personal pride. A surgeon must know when to 
admit defeat or he can easily cripple the patient who 
relies on his judgment and skill. Some very instructive 
points on technique are given throughout this report. 
In dealing with meningiomas of the posterior fossa 
he believes that they should be vigorously attacked. 
They are, as a rule, more easily handled than angle 
tumors. Furthermore, it is possible to sacrifice more 
of the cerebellar hemisphere without undue neuro- 
logic deficit. The point is stressed that while the 
meningiomas are potentially a favorable lesion, those 
at the base of the brain can be a very nasty trap for 
the unwary. One should remember that these tumors 
develop and recur for the most part very slowly and 
if total removal seems unsafe, one should swallow his 
pride and withdraw. 

Grant’s third paper deals with his experiences with 
cordotomy. It is based on 312 operations performed 
at the hospital at the University of Pennsylvania from 
1917 through 1956. The technique used is described. 
The level of the incision varied with experience. In 
the first group, cord incisions were made at the mid- 
thoracic level at a point between the fifth and seventh 
dorsal vertebrae. This technique was abandoned, and 
In the second group the incisions were made in the 
cervical-dorsal regions between the seventh and third 


cervical vertebrae. This procedure was performed as 
a routine from 1933 to 1949. Finally, in the third 
group of cases, incisions were made in the upper 
cervical region at a point above the cervical enlarge- 
ment between the second and fifth cervical vertebrae. 
Since 1949 this has been a routine approach. A com- 
plete discussion of the results follows and includes 
complications, operative mortality, and indications 
for cordotomy. In this series, from 75 to 80 per cent 
of the patients obtained relief of pain. In successful 
cordotomies, the average analgesic level in the high 
thoracic group was the eighth dorsal vertebra and 
in the high cervical group the fifth dorsal vertebra. 
Motor complications of significant degree occurred 
in roughly 20 per cent of the bilateral operations but 
in only 3 per cent of the high thoracic and high 
cervical unilateral group. Bladder paralysis of signifi- 
cance occurred infrequently following unilateral 
operations but was the rule in bilateral operations 
with good levels and was generally lasting in nature. 
Grant points out that visceral pain cannot be allevi- 
ated except by bilateral operation. He does not 
believe that drug addiction is a contraindication to 
the operation in malignant disease. 

The papers in this volume are too numerous to 
permit a review of each. Every report is informative 
and well presented. The editors, the program com- 
mittee, and the officers of the Congress of Neuro- 
logical Surgeons, and all the contributors are to be 
congratulated on presenting this very worthwhile 
volume. —Howard H. Lander. 


THE VOLUME entitled Gynecologic Radiography" is a re- 
flection of the authors’ broad experience with hystero- 
salpingography. Because it presupposes a_ basic 
knowledge of the techniques involved, it is not a book 
for a novice in either gynecology or radiology. The 
authors’ decision not to include a bibliography is per- 
haps unfortunate, for a brief listing of pertinent source 
material might have assisted the beginner to gain the 
perspective necessary to evaluate the merits of a 
volume such as this. 

The chapter on uterine development is interesting 
from an academic standpoint, and is unique in its 
inclusion of roentgenograms of fetal and neonatal 
uteri. Likewise, the observations and illustrations re- 
garding uterine synechiae stress a clinical syndrome 
not often discussed in the literature in the United 
States. The chapter on radiography of the breast is 
confirmatory of the work done in this country by 
Gershon-Cohen. It describes a diagnostic tool with 
which the reviewers have had no experience, but 
which perhaps deserves evaluation. 

The format and reproduction of films are of good 
quality, but even so, some of the diagnostic interpreta- 
tions remain elusive to the reader. 

Although the indications for hysterosalpingography 
are not entirely standardized, it is likely that few 
readers in this country will agree with the authors in 
their use of a contrast medium in the uterus in the 

10GyNnECcoLocic RapriocrRaAPpnHy. By Jean Dalsace, M.D., and 
J. Garcia-Caldéron, M.D. With a chapter on Radiography of 
the Breast. By Charles M. Gros, M.D., and Robert Sigrist, M.D. 
Foreword by I. C. Rubin, M.D. Translated by Hans Lehfeldt, 


M.D. 188 pages, 305 illustrations. $8.00. New York: Paul B. 
Hoeber, Inc., Medical Book Dept. of Harper & Bros., 1959. 








presence of suspected or proved pregnancy or sus- 
pected cancer, nor would the procedure be generally 
approved for the diagnosis of endometrial hyperplasia, 
a condition which the authors admit is not reliably 
demonstrable by this method. The discussion of the 
choice of a contrast medium is not only incomplete 
but is biased. 

Not entirely reassuring is the implication that 
serious difficulty seldom develops if hysterosalpingog- 
raphy is performed by a skilled worker with available 
operating room facilities. Furthermore, the advice 
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that fluoroscopy and the making of multiple roent- 
genograms are requisite during both filling and 
evacuation of the uterus, and especially the latter, will 
not appeal to those striving to limit total irradiation to 
the female pelvis during the childbearing years. 
This volume should be regarded not as a textbook 
but as an atlas which might prove stimulating to 
those whose previous experience is extensive enough 
to permit objective evaluation. We doubt that it be- 
longs on the shelves of a medical school or hospital 
library. —George D. Davis and Elizabeth Mussey. 
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CONVENTION HALL, ATLANTIC CITY, NEW JERSEY 
SEPTEMBER 28 TO OCTOBER 2, 1959 


GENERAL SESSIONS will begin promptly at 10 a.m. 
Monday with Carl W. Walter moderating a 
panel on “The Control of Infection in Hospitals” 
and, as panelists, David V. Habif, Ruth B. 
Kundsin, H. Rocke Robertson, and Robert I. 
Wise. President Newell W. Philpott will preside 
at this opening session. 

From 1:30 to 3 p.m., the topic will be “Pitfalls 
in Surgery of the Biliary Tract,” with William 
P. Longmire, Jr., as moderator and, as panelists, 
Frank Glenn, Frank S. Johns, Angus D. Mc- 
Lachlin, and John T. Reynolds. A panel dis- 
cussion will follow on “Urological Complications 
in the Surgical Patient.”? The moderator will be 
Ormond S. Culp and the panelists Rubin H. 
Flocks, Victor F. Marshall, and Herbert E. 
Schmitz. 

“Cancer of the Head and Neck,” is the topic 
Tuesday at 1:30 p.m. Calvin T. Klopp is the 
moderator, and the panelists are Louis T. Byars, 
Arnold J. Kremen, Hayes Martin, and Alan B. 
McCarten. “Parenteral Therapy of the Surgical 
Patient” will follow with moderator, Henry T. 
Randall, and panelists, Curtis P. Artz, James R. 
McCorriston, and William V. McDermott, Jr. 

The Symposium on Trauma will be held at 
2 p.m. Harrison L. McLaughlin, Chairman of 
the Committee on Trauma, will preside. Topics 
and speakers follow: 


Tetanus. Kerr REEMSTMA. 

Gas Gangrene. Douctas LinpsEy. 

Staphylococcus Infections. WrL1aM S. BLAKEMORE. 
To be announced. Sir REGINALD Warson-JONEs. 
Subject to be announced. CampBELL McG. GARDNER. 


On Wednesday at 1:30 p.m. “‘Acute Thoracic 
Trauma” will be the subject with Hiram T. 
Langston, moderator, and Lyman A. Brewer, 
III, Ross Robertson, and Paul W. Sanger as 
panelists. A discussion on “‘Massive Upper Gas- 
trointestinal Hemorrhage” will follow with 
moderator, Carleton Mathewson, Jr., and panel- 
ists, K. Alvin Merendino, Arthur C. Pattison, 
and Claude E. Welch. 

The third Baxter Lecture will be presented 
this year by David Paton Cuthbertson on 
Wednesday at 2 p.m. This lectureship in the 
field of parenteral fluid therapy is supported by 
annual grants to the College from Baxter Lab- 
oratories of Morton Grove, Illinois. 

Doctor Cuthbertson, director of the Rowett 
Research Institute, Aberdeen, Scotland, is editor 
of the British Journal of Nutrition and serves as 
honorary consultant in physiology and medicine 
to the British Army. He is a distinguished con- 
tributor to the literature on the physiology of 
protein nutrition and metabolism and on met- 
abolic response to injury. Doctor Cuthbertson 
will speak on the following: ‘Parenteral Fluid 
Therapy in Relation to the Metabolic Response 
to Injury.” 

The Cancer Panel, ““The Role of Extended 
Excisional Surgery in Both Early and Advanced 
Cancer,” will be held on Wednesday at 2:45 
p.m. Danely P. Slaughter, Chairman of the 
Committee on Cancer, will moderate. The panel- 
ists are Eugene M. Bricker, Ian Macdonald, 
Gordon McNeer, Owen H. Wangensteen, and 
Samuel A. Wilkins, Jr. 





On Thursday at 1:30 p.m. “Inflammatory 
Lesions of the Intestines” will be discussed by 
Richard B. Cattell, moderator, and L. Kraeer 
Ferguson, Howard A. Patterson, and Rupert B. 
Turnbull, Jr., panelists. 

The Trauma Oration to be given by R. Arnold 
Griswold will follow, from 3 to 3:30 p.m. Doctor 
Griswold will discuss “Abdominal Injuries.” 

“What’s New in Surgery?” the résumé of 
Forum sessions, will be heard Friday morning 
from 9 to 12 noon, Robert E. Gross, pre- 
siding. Panelists will include: William H. Sweet, 
neurological surgery; Bradford Cannon, plastic 
surgery; William J. Grove, tumors; Crawford J. 
Campbell, orthopedic surgery; Oscar Creech, 
Jr., cardiovascular surgery; Hugh J. Jewett, 
urology; J. Garrott Allen, nutrition and body 
fluids; Somers H. Sturgis, gynecology; speaker 
to be announced, gastrointestinal biliary condi- 
tions. 


Specialty Sessions 


An advance outline of the specialty sessions 
follows: 


GYNECOLOGY AND OBSTETRICS 


Monpay, 1:30-3 p.m.—Staphylococcus Infections 
in Obstetrics and Gynecology. Mitton L. Mc- 
Catt, Moderator. Panelists: Jason H. Co..ins, 
Harrison F. Fuippin, CHestER W. Howe, and W. 
NorMAN THORNTON, JR. 3:30-5 p.m.—Chemo- 
therapy in Gynecologic Malignant Neoplasms. 
Joun G. Masterson, Moderator. Panelists: AN- 
THONY R. Currert, Roy Hertz, J. Witson Hus- 
TON, and J. G. Moore. 

Tuespay, 1:30-3 p.m.—Diagnosis and Management 
of Recurrent Carcinoma of the Cervix. Joun B. 
Grauam, Moderator. Panelists: WARING G. CosBIE, 
JoserH H. Pratt, and StanLey Way. 3:30-5 p.m. 
—Cancer in Pregnancy. Henry Cray Frick II, 
Moderator. Panelists: GEorcE A. HAHN, CHESTER 
M. SoutrHamM, Howarp ULFELDER, and THOMAS 
TayLor WHITE. 

WepneEspDAY, 1:30-3 p.m.—Abnormalities in Sexual 
Development. Howarp W. Jones, JR., Moderator. 
Panelists: T. N. Evans, JoHN Money, and JoHN 
McLean Morris. 3:30-5 p.m.—Isoimmunization. 
ALEXANDER S. WIENER, Moderator. Panelists: 
James J. Grirritts, Mitton S. Sacks, and ERNEsT 
WITEBSKY. 

Tuurspay, 1-3:45 p.m.—Surgical Forum session for 
Gynecology and Obstetrics. 

Fripay, 8:30-11:30 a.m.—Symposium. BERNARD J. 
Pisani, Moderator. 1:30-3 p.m.—Oxytocics. Louis 
M. HELLMAN, Moderator. Panelists: CHARLEs E. 
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FLOWERS, JR., JEROME S. Harris. 3:15-4:45 p.m.— 
Management of Benign Ovarian Lesions. S. Leon 
IsRAEL, Moderator. Panelists: ALex CuLiner, 
CHRISTOPHER J. DUNCAN, and Eguinn W. Munne Lt. 


NEUROLOGIC SURGERY 


Tuursbay, 8:30 a.m.—12 noon; 1:30-3 p.m.—Surgical 
Forum sessions for Neurologic Surgery. 

Fripay, 9-10:30 a.m.—Primary Tumors within the 
Spinal Canal. Epwin B. Boitprey, Moderator. 
Panelists: James L. Poppren, S. R. SNopcGRass, and 
H. J. Svien. 10:35 a.m.-12 noon—Adjuncts in In- 
tracranial Surgery. JosepH P. Evans, Moderator. 
Panelists: E. HARRY BoTTERELL, Rosert G. Fisuer, 
and Joun Meatey, Jr. 2-5 p.m.—Neurological 
Surgery Symposium. RussELt MEyeErs, Moderator. 
Acoustic Tumors. J. LAwRENCE Poot. Discussion 
opened by Kenneto G. McKenzie. Craniopharyn- 
giomas. DonaLp D. Matson. Discussion opened by 
LesTER A. Mount. Treatment of Pituitary Adeno- 
mas. GrorcE S. Baker. Discussion opened by 
Frank H. Mayrietp. Secondary Operations for 
Recurrent Primary Intracranial Tumors. Rosert 
A. Grorr. Discussion opened by E. S. Gurpjian. 
Hemangioblastoma. Cart F. List. Discussion 
opened by James G. ARNOLD, JR. 


OPHTHALMOLOGY 


Wepnespay, 1:30-4:30 p.m.—Joint Session, Pennsyl- 
vania Academy of Ophthalmology and Otolaryn- 
gology and the American College of Surgeons. 
Murray F. McCas.in and Haro.p G. ScHerr, Co- 
Chairmen. Symposium: Management of Glaucoma. 
Haro.tp G. Scuerz, Moderator. Panelists: Goop- 
wIN M. Breinin, GeorGE S. Tyner, Josepu S. 
Haas, and Frank W. NEWELL. 

Tuurspay, 1:30-3:30 p.m.—Joint Session, New Jersey 
Academy of Ophthalmology and Otolaryngology, 
Ophthalmology Section, and the American College 
of Surgeons. Louis AMpuR and Wit1aM B. Cxark, 
Co-Chairmen. Symposium: Recent Advances in 
Ophthalmic Surgery. WittraM B. CLark, Modera- 
tor. Panelists: Joun M. McLean, R. Town.ey 
Paton, ALGERNON B. Reese, and A. D. RuEDE- 
MANN. 


ORTHOPEDIC SURGERY 


Monpay, 1:30-5 p.m.—Surgical Forum Session for 
Orthopedic Surgery. 

Fripay, 1:30-3 p.m.—Pyogenic Infections of Bones 
and Joints. Witt1aM T. GREEN, Moderator. Panel- 
ists: JoHN E. Biarr, JosepH BucHMAN, Burr H. 
Curtis, and Donatp E. Starr. 3:15-4:45 p.m.— 
Delayed Union and Nonunion of Fractures of the 
Long Bones. Epwin F. Cave, Moderator. Panelists: 
Haro _p B. Boyp, J. ENGLEBERT DuNPHy, WILLIAM 
H. FRACKELTON, and James K. Stack. 
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OTOLARYNGOLOGY 


Tuespay, 8:30-10:00 a.m.—Cancer of the Upper 
Respiratory Tract. JoHn R. Linpsay, Moderator. 
Panelists: JoHN B. Ericu, JeERomME A. Hitcer, 
WituiaM C. Hurrman, and L. Q. Pane. 10:30 
a.m.-12 noon—Cancer of the Larynx. Pau H. 
Ho.incER, Moderator. Panelists: JoHn F. Daty, 
CHEVALIER L. Jackson, JosEPH H. Ocura, and 
Joun J. O’Keere. 3:30-5 p.m.—Rehabilitation 
Surgery in Otolaryngology. JoHn J. Con Ley, 
Moderator. Panelists: Joun T. Dickinson, HERBERT 
H. Harris, CHARLES M. Norris, and Joe. J. 
PRESSMAN. 


PLASTIC SURGERY 


Monpay, 1:30-3 p.m.—Immediate Treatment of Soft 


Tissue Wounds. Witt1amM G. Hamm, Moderator. 
Panelists: TRUMAN G. BLOCKER, JR., HERBERT Con- 
way, and MicuaEL L. Mason. 3:30-5 p.m.— 
Treatment of Avulsion Injuries. JAMES BARRETT 
Brown, Moderator. Panelists: Rosin ANDERSON, 
Hat B. JENNINGS, JR., and PETER RANDALL. 

Tugspay, 8:30 a.m.—12 noon—Surgical Forum Session 
for Plastic Surgery. 


THORACIC SURGERY 


Fray, 1:30-3 p.m.—Benign Lesions of the Lower 
Esophagus and of the Cardia of the Stomach. 
RicHarp H. Sweet, Moderator. Panelists: Wi1- 
uiAM E. ApAms, THomas E. Burrorp, Perry J. 
CuLveR, and HERMAN J. Moerscu. 3:15-4:45 p.m. 
—Open Cardiac Surgery. Denton A. Coo ey, 
Moderator. Panelists; C. Watton  LILLEHE!, 
Dwicut C. McGoon and W. C. SEAty. 


UROLOGY 


Monpay, 1:30-3 p.m.—Problems in Diagnosis and 
Management Resulting from Lesions Involving a 
Solitary Kidney. J. HARTweLt Harrison, Modera- 
tor. Panelists: J. A. CampBELL Coston, Joun E. 
Ders, ALBERT J. Paguin, JR., and CuesTer C. 
WINTER. 

Turspay, 3:30-5 p.m.— Pediatric Urologic Surgery of 
Lower Urogenital Tract. Cuartes C. Hiccins, 
Moderator. Panelists: Wittarp E. Goopwin, 
Frank HInMAN, JR., and Joun K. LATTImer. 

Wepnespay, 3:30—-5 p.m.— Urologic Endocrinological 
Conditions in Children. EpGar Burns, Moderator. 
Panelists: Joun A. Benjamin, MeLvin M. Grum- 
BACH, and FRANK C. Hamm. 

Tuurspay, 8:30 a.m.-12 noon—Surgical Forum 
session for Urology. 

Fray, 1:30-3 p.m.—Bladder Tumors. Hucn J. 
Jewett, Moderator. Panelists include: Caro A. 
Cuccia, W. F. Leappetrer, and Wiiiiam A. 
MILNER. 
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Ciné Clinic Program 


The noted Ciné Clinic program, sponsored by 
Surgical Products Division of American Cyana- 
mid Company, will be seen Monday through 
Thursday. All films are in color and narrated by 
the author, and are prepared especially for this 
Congress. The advance schedule follows: 


Common Duct Stones. Howarp MAnHoRNER, New 
Orleans. : 

Intrahepatic Calculi. ALTON OcHsNER, New Orleans. 

Intestinal Fistulae. CHARLES Eckert, Albany. 

Diverticulitis. CLAuDE E. WELcH, Boston. 

Esophageal Varices. C. Sruarr WeEtcn, Albany. 

Title to be announced. Mark M. Ravircu, Baltimore. 

Open Heart Surgery on the Infant. Denton A. 
Coo ey, Houston. 

Aortic Insufficiency. CHARLEs A. HuFNAGEL, Wash- 
ington. 

Open Fractures. Puitie D. Wirson, New York. 

Hiatus Hernia. Pump R. Auuison, Oxford, England. 

Esophageal Resection for Stricture. CHartes G. 
Cup III, Ann Arbor. 

Intestinal Atresia. Grover C. PENBERTHY and 
C.irrorpD D. Benson, Detroit. 

Hyperparathyroidism. OLIver Cope, Boston. 

Adrenal Hyperplasia and Tumors. Haroxp A. ZIn- 
TEL, New York. 

Amputations. RicHAaRD WARREN, Boston. 

The Ureter in Pelvic Surgery. BENTLEY P. Coicocx, 
Boston. 

Repair of the Injured Common Duct. Ricuarp B. 
CaTTELL, Boston. 

Gallbladder Surgery. R. ARNoLD GriswoLp, Louis- 
ville. 

Carcinoma of the Breast. Cranston W. Howman, 
New York. 

Handling the Duodenal Stump in Gastric Surgery. 
Harotp D. Harvey, New York. 

Herniotomy. CHEsTeR B. McVay, Yankton. 

Repair of the Injured Ureter. CHARtEs C. Hiccins, 
Cleveland. 

Ciné Seminar. I. S. Ravp1n, Philadelphia. 


Medical Motion Pictures 


The Committee on Motion Pictures under the 
chairmanship of Dr. Hilger Perry Jenkins, Chi- 
cago, will present excellent new films dealing 
with general surgery and the surgical specialties 
during the entire week. The Motion Picture 
Symposium, featuring short films of unusual in- 
terest, will be held this year on Tuesday evening. 


Television 


The television program will be seen each 
morning and afternoon of Congress week. Tele- 








casts will emanate from Bellevue Medical Cen- 
ter in New York, with Dr. Carl A. Smith, chair- 
man for the entire program, in association with 
Dr. J. Garrott Allen, Palo Alto, who is in charge 
of all College television. Smith, Kline & French 
Laboratories are producers of these famous tele- 
casts. Operating surgeons are named below, as 
well as the moderators who will conduct the 
tripartite discussions between the viewers in Con- 
vention Hall, the panelists in a special studio in 
Atlantic City, and the surgeons in New York. 
The advance schedule follows: 


Monpay, 10 a.m.—Esophagectomy for Carcinoma. 
Rosert H. Wy.iz, New York. Moderator: K. 
Atvin MERENDINO, Seattle. 2 p.m.—Gastrectomy. 
J. Witu1am Hinton, New York. Moderator: JAMEs 
T. PriestLey, Rochester, Minnesota. 3:30 p.m.— 
Cholecystectomy. KENNETH M. Lewis, New York. 
Moderator: FRANK GLENN, New York. 

Turspay, 10 a.m.—Emergency Operation. SAMUEL 
STANDARD, New York. Moderator: WARREN H. 
Coxe, Chicago. 2 p.m.—Sphincterotomy. HENRY 
Dousitet, New York. Moderator: JONATHAN E. 
Ruoaps, Philadelphia. 3:30 p.m.—Repair of Dia- 
phragmatic Hernia. Cranston W. Hotman, New 
York. Moderator: Brian BiapeEs, Washington. 

WEDNESDAY, 10 a.m.—Portacaval Shunt. Louis M. 
RoussELoT, New York. Moderator: RosBert R. 
Linton, Brookline, Mass. 2 p.m.— Peripheral Nerve 
Repair. THomas I. Horn, New York. Moderator: 
Loyat Davss, Chicago. 3:30 p.m.—Ileo-entectropy. 
S. ARTHUR Locatio. Moderator: JoHn M. Howarp, 
Philadelphia. 

Tuurspay, 10 a.m.—Aortic Graft. JERE W. Lorp, 
Jr., New York. Moderator: W. STERLING Epwarps 
III, Birmingham. 2 p.m.—Thyroidectomy. Louis 
R. Stattrery. Moderator: LEon GoLtpMAn, San 
Francisco. 

Fripay, 10 a.m.—Femoral Head Prosthesis. Jesse W. 

Manuoney, New York. Moderator: Mary S. SHER- 

MAN, New Orleans. 2 p.m.—Hysterectomy. Gor- 

pon W. Douctas, New York. Moderator: M. Ep- 

warD Davis, Chicago. 3:30 p.m. Ileal Ureteros- 
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tomy. Rosert S. Hotcuxiss, New York. Modera- 
tor: R. KenNepy Gitcurist, Chicago. 


Advance Registration 


Clinical Congress forms for advance regis. 
tration, hotel accommodations, Postgraduate 
Courses, and transportation have already been 
sent to Fellows of the College. Non-Fellows may 
obtain these forms by writing to the American 
College of Surgeons, 40 East Erie Street, Chicago 
11, Illinois. Early return of these forms is ad- 
visable to assure prompt receipt of your badge 
on your arrival, early choice of Postgraduate 
Courses, and satisfactory hotel accommodations. 


Fees 


Fellows whose dues are paid to December 31, 
1958, pay no registration fee; those whose dues 
are not paid as of above date pay $40.00. Non- 
Fellows will pay $40.00. Members of the fed- 
eralservices will pay $20.00. No fee (except for 
Postgraduate Courses) is required of Initiates, 
members of the Candidate Group, and surgical 
residents. Everyone who attends a Postgraduate 
Course pays $5.00 


Registration Hours 


Registration hours at the Convention Hall 
will be: 
Sunpay, September 27, 3 p.m. to 6:30 p.m. 
Monpay, September 28, 8 a.m. to 5:30 p.m. 
Tuespay, September 29, 8:15 a.m. to 5 p.m. 
WEDNESDAY, September 30, 8:15 a.m. to 5 p.m. 
Tuurspay, October 1, 8:30 a.m. to 5 p.m. 
Fray, October 2, 8:30 a.m. to 4 p.m. 


Ladies’ Entertainment 


The Ladies’ Entertainment Committee cor- 
dially invites doctors’ wives to come to this 
meeting. A full week of interest and recreation 
has been planned for the ladies. 
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